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in This issue 


D-C MOTORS. Alternating current long ago proved to be 
the most economical way of transmitting electrical power 
and the squirrel-cage induction motor proved to be the 
simplest and cheapest construction. For over fifty years 
the a-c motor has been the backbone of industrial ma- 
chinery drives. But in recent years d-c motors have been 
coming back as part of a variable-voltage drive system 
supplied by its own m-g set. The d-c motor has come back 
to tackle the tough drive jobs where the machine has to be 
frequently started, stopped or reversed at high speed. 
For many years, each application was treated as a special 
case and motor design modifications were made to suit 
the particular conditions. Today these duty-cycle applica- 
tions are so common that it has been feasible to consoli- 
date the principal features of the specials into a standard 
heavy-duty line that has low-inertia rotors and improved 
electromagnetic design to give truly dynamic response 
suitable for driving automatic machines servo controlled 
with feedback signals. G. W. Carlson of Reliance Electric 
spells out some of the application factors in the article 
beginning on page 90. 


TRANSFORMER DESIGN. Power transformers are unique 
among electronic components in that their characteristics 
are among the last to be considered in equipment design 
and they are nearly always designed for the particular 
conditions on a custom basis. In addition, their design 
has been more of an art than a science and the empirical 
techniques often became more or less trade secrets of the 
individual designers. This has often resulted in long delays 
in procurement and use of the equipment in the field. 
This was not a happy state of affairs, except perhaps for 
a few successful practitioners of the art. The Signal Corps 
Engineering Laboratories set about to have developed 
a straightforward design method suitable for use by engi- 
neers with relatively little specialized experience or know!- 
edge in transformer design. The simplified method worked 
out is described by Irving Remis beginning on page 97. 
The technique places heavy emphasis on the accurate 
prediction of temperatures within and on the surface of 
the transformer. Much of the design data has been re 
duced to tables, diagrams and a nomograph. 


VERSATILE PVC. Polyvinyl chloride compounds (PV¢ 
to their familiars) are widely used and widely known as 
wire and cable insulating and jacketing materials. But 
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they are a versatile class of plastics with applications rang- 
ing from shower curtains to architectural tile, and along 
the line they do well as molded basic component parts in 
vacuum cleaners. TV sets and other electrically operated 
products. Monsanto Chemical’s Charles Bulkley reviews 
properties and design considerations that would recom- 
mend the PVC materials for such applications. See 
page 106. 


TRENDS. People almost outnumbered the flies at the 
Machine Tool Show 


people there. In fact. we'd guess it was about the greatest 


and that means there were lots of 
industrial exposition—-in terms of area, monetary value 
of exhibits and number of persons attending—ever held 
in this country. The Chicago affair was great. too. in 
respect to the design progress to be seen in every exhibit. 
We expected to see significant developments in automatic 
materials handling (automation): in electrical and elec- 
tronic controls: in hydraulic systems; and in mechanical 
design. We certainly were not disappointed in this anti- 
cipation. However we were surprised when we discovered 
that the Bigger Electric Motor was the real star of the 
Show and that automation was only a supporting actor. 
The underlying theme of the Stockyards drama _ was 
“greater output from machine tools” and the Bigger Mo- 
tor is the most important single factor contributing to 
“greater output.” For details on what (besides flies) 
ELECTRICAL MANUFACTURING saw at the Show. turn to 


page 113. 


NUCLEAR BATTERIES. Kadioactive isotopes such as 
strontium-yttrium 90, polonium-210 and tritium will ae- 
tivate power sources that before long will be designed 
into many of our control devices. Compact size, stability 
and long life are the tempting features. (Half-life of 
strontium-90. for example, is 25 years!) Restricted sup- 
plies of isotopes and high costs are of course the initial 
obstacles. But already a surprisingly large number of 
such batteries is moving into military applications. With 
increasing supplies of isotopes and the inevitable reduc- 
tion in costs. wider applications are definitely on the 
horizon. A parallel development is the solar battery, al- 
ready on active experimental assignment in rural tele- 
phone lines. For a progress report on these developments. 
plus illustrations of commercial (and near-commercial) 


types. see page bay 
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MACHINE CONTROL BY ELECTRONS. Vian are the 
arguments over whether a control circuit is electronic o1 
electrical. Gone forever are the days when a circuit was 
called electronic when it used a vacuum tube and electrical 
when it did not. Solid-state, ferromagnetic and ferro- 
electric devices performing the same function as electron 
tubes have eliminated this beautiful simplicity. Regard- 
less of human argument. the electrons go merrily on 
performing their directed control functions caring not 
one whit whether they are electronic electrons or electrical 
electrons. This month’s cover illustration is based on the 
use of these several devices for controlling the operation 
of a wide variety of complex machines and instruments. 
The central figures are the electron tube structure. the 
holes-and-electrons diagram of a solid-state device. and 
the square hysteresis loop of ferromagnetic and _ ferro- 
electric materials. The sketches in the sweeping curve 
symbolize the many types of machinery and equipment 
controlled by electrons. 

Material for this cover was provided by General Elec 
tric Co., Jones & Lamson Machine Co.. Radio Corporation 
of America. Raytheon Manufacturing Co. and Westing- 
house Electric Corp. 


VIBRATION TESTING TECHNIQUES. As a result of con 
tinued experience with the reliability of airborne com- 
ponents many engineers have come to the unhappy con- 
clusion that in many cases there is no direct relation 
between existing vibration specifications and airborn 
environments. Current military specifications that call for 
the subjection of mechanical and electronic components 
to vibrating mechanical forces to determine their reli- 
ability remain unchanged except for values of frequency 
range. 


time and number of 


sweeps. With shock. usually a specific machine and load. 


acceleration level. sweep 
or a drop into sand from a predetermined height is the 
criterion. However. because of the extreme environments 
experienced by high speed (sub. trans. and supersonic ) 
aircraft and missiles these same engineers now believe 
that vibration sweep spectrum is best defined by its fre- 
quency vs. acceleration envelope, and shock by its im- 
pulse intensity, duration and shape. For the hows. whys 
and wherefores of this growing concept. see page 132. 
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NEWTON’S RINGS. One by one the physical phenomena 
that we may have considered to be in the nature of 
laboratory curiosities are being used as the basis for 
practical commercial instrumentation. The latest one to 
come to our attention uses Newtonian interference rings 
to measure pressures from zero up to as much as 50,000 
psi. The most familiar example of Newtonian interference 
is probably illustrated by the variegated colors reflected 
from the surface of a soap bubble. Joseph R. Greer tells 
us how the change in Newtonian interference of a thin 
spherical cavity, one side of which is a pressure-sensitive 
diaphragm, is used to. record rapid variations in pressure. 
His article begins on page 139. It makes a fascinating 


story. 


MAGNETIC AMPLIFIERS. Usually we're pretty impa- 
tient with authors who add an excessive amount of re- 
view material to their articles. When an author burdens 
the beginning of a feature with a rehash of fundamentals 
that are known to nearly everyone, he runs the risk of 
tiring the reader before the latter arrives at the really 
new portion of the piece. So we’re quick to attack such 
overage with blue pencil and shears before it gets into 
print. Of course, there are exceptions to the rule and one 
of them is “Magnetic Amplifiers in Industrial Control 
Systems” appearing on page 145. The author has included 
one of the most lucid reviews of magnetic-amplifiers fun- 
damentals we’ve ever seen. Don’t fail to read this if you 
want to learn painlessly how a magnetic amplifier works. 
Also incorporated in this first part of a two-part article is 
a discussion of regulator circuits. 


CHROMIUM IMPREGNATION. It probably comes as no 
surprise to even the casual readers of ELECTRICAL MANU- 
FACTURING (whose number we hope is few) to learn that 
a good number of our articles are based on a sound case 
history approach. Often general statements can best be 
dramatized by specific applications illustrating the hows 
and whys of material selection, circuit operation, motor 
design or what have you. In many cases an article is of 
little value unless the reader can be shown how he, as an 
engineer, can apply the material or component discussed 
to his daily work. 

To bring the subject of chromium impregnation down 
to earth, so to speak, we’ve tried to show how a number 
of electrical manufacturers have used this process to in- 
crease the heat, wear and corrosion resistance of ferrous 
metal parts. Known and used commercially for some time 
in Europe. chromizing or Chromallizing, as the process 
is called. is relatively new in this country. Page 150. 
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New Chlorinated 
Thermoplastic 


Described as providing a number of 
the desirable characteristics of the 
Huorocarbons, but at lower costs and 
with simpler fabricating techniques, 
a new chlorinated polymer (Penton) 
is now in pilot-plant stage at the Her- 
cules Powder Company. Wilmington, 
Del. Material is to be supplied as a 
molding powder suitable for both ex- 
trusion and injection molding. Sheet, 
rod and tube stock can be produced. 
Aim of the producers is to fill the gap 
between “plastics of the fluorocarbon 
type and such materials as vinyl, poly- 
ethylene, styrene and the conventional 
thermosets.” 

Experimental applications include 
commercial and military components. 
Material is seen well adapted for such 
uses as oriented capacitor film, motor 
slot liners and wedges, transformer 
insulation, molded electrical tube sock- 
ets, and generally for high-voltage end 
products. 

The combination of properties is 
said to join flame resistance, dimen- 
sional stability, chemical resistance and 
good electrical characteristics. Chemi- 
cally, the new polymer is derived from 
a high molecular weight chlorinated 
polyether. Unlike most halogenated 
polymers, Penton is described as being 
highly resistant to thermal degradation 
at molding and extrusion temperatures. 


Silicone 
Lubricants 


Commercial development of long-re- 
searched silicone lubricants is now 
announced by General Electric Com- 
pany’s Silicone Products Department, 
Waterford, N. Y. Lubricating charac- 
teristics are said to be equal to that 
of the petroleum oils and greases with 
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the added advantage of typical silicone silicone lubricants, have been derived 

properties, such as wide-range tempera- from a tailor-made silicone polymer 

ture performances. Operating tempera- and attain their properties, such as 

are said to be from 100 F to lubricity and a good temperature-vis- 

100 F. cosity index. without the use of addi- 
Designated Versilube F-30 and Versi- tives. 


4-300 these materials are at 


being evaluated as jet engine 


lubricants and in jet hydraulic systems. . . 
Potential applications are seen also in es _— 
sleeve-bearing and ball-bearing motors. eseare usne 


clocks. timers. various instruments. re- 


\ stepped-up research and development 


frigerators. fluid transmissiens, and program in titanium is being set in 


conveyor systems. motion by the Department of Defense. 


Versilubes. described as “true” This was disclosed during a_ five-day 





Research in Printed Circuits. Intensive research is being conducted in 
improved base materials, metal cladding, adhesives, bonding techniques, 
and other elements that go to make up a printed circuit assembly. This 
is a reflection of the mounting scale and range of applications. These 
research chemists at the Bell Telephone Laboratories are studying the 
effects of ionic contamination on the insulation resistance of printed 
wiring boards. 
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UTC products are the most copied in the world. This is only natural, since we 
maintain the largest laboratories and engineering staff in our field. However, 
copying alone cannot provide the measure of uniformity and reliability inherent 
in UTC units. To provide for the maximum in quality and reliability, continuing 
programs of quality control and quality improvement are constantly maintained in 


our laboratories. 
WHAT MAKES A 


TRANSFORMEp 
L? 


A large aircraft company... .‘‘Our vendor analysis for past year (thou- 
sands of tests) shows zero rejects.” 


A large electric company. . .‘‘Consistent quality has placed you as our 


#1 source...are grateful for the aid you have given our own quality 
control staff.” 


A large military electronics company... .“‘Switching from former vendor 
to UTC has saved us 18% of transformer and filter cost by reducing 
manufacturing costs.” 


A large instrumentation company...‘We haven't had one field failure 
in fifteen years’ use of UTC parts*.” 
*Over 100,000 units. 
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RESEARCH HORIZONS 





symposium on titanium held 
at the New York University School of 
Engineering, under joint sponsorship 
of the university and the 
Society for Metals. 
Although the major applications for 
the metal are now in military aircraft. 
potential uses are seen also in guided 


recently 


American 


missiles, as well as in nonmilitary in- 
dustrial equipment. A particularly good 
field is seen in chemical and food-han- 
dling equipment where the corrosion 
resistant qualities of titanium can pro- 
vide unique design advantages. The use 
of titanium for special-purpose fasten- 
ers is already under way. 

The program 
coupled with the solution of some exist- 
ing technical problems and the reduc 
tion of costs may well “lift the 
manufacture of titanium to the position 
of a big metal industry.” according to 
N. E. Promisel. chief metallurgist and 
head of the materials branch, Bureau of 
Aeronautics. who spoke at the NYLI 
meeting. As against the current price 
of $3.50 to $3.95 per lb of sponge ti- 
tanium, a price of $1 to $1.50 could 
be reasonably expected within the next 
few vears, he declared. 


government research 


very 


Voice-Powered 
Transmitter 


Employing a transistor device, the Sig- 
nal Corps has developed a minuscule 
experimental radio transmitter that 
operates solely by the energy derived 
from the speaking voice. Part of the 
voice power is filtered from the micro- 
phone to operate the transmitter, while 
the remaining portion is sufficient to 
provide the output signal with the requi- 
site intelligence. 

On an experimental basis, this trans- 
mitter has already been able to broad- 
cast the voice for some 600 ft. By 
utilizing higher radio frequencies and 
matched antenna, the Signal Corps 
expects to increase the effective distance 
to about a mile. A companion voice- 
powered radio receiver to weigh only 3 
oz is also on the design agenda. Eventu- 
ally, these units will be so constructed 
that a complete assembly will be fitted 
into a matchbox-sized container. 

Practical target for this develop- 
ment is a slash in the present size and 
weight of Army walkie-talkies and 
hand-held tactical radios. Estimated 
cost for the voice-powered transmitter 
is no more than $20. Civilian appli- 
cations are seen in mobile units. George 
Bryan, at the Signal Corps Engineer- 
ing Laboratories, Fort Monmouth, New 
Jersey, is credited with this develop- 
ment. 
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Survey of Color 
Specifications 


Covering all areas of color specification. 
a comprehensive “Survey of 
1955." 
was submitted at the last annual meet- 
ing of the Inter-Society Colo 
by a special subcommittee. chairman. 
Walter C. Granville, Container Corpora- 


report, 
(American Color Specifications 


Council 


tion of America. Purpose of the report 
Is to provide lists of current color sys- 
tems. reflecting and transmitting color 
standards. instruments, 
methods of test 


specifications. 
and color 


tended for public use. 


codes in- 


Contents include: 
E Svstems of color specifications 
terms, types of notation, references and 
other details for the CIE. Munsell and 
Ostwald systems. 
Il. Reflecting 
vided into two groups: 


color standards——di- 
those with rela- 
tively complete coverage ot color space. 
and those with abridged or regional 
coverage. 

III. Transmitting standards. 

[V. Names of instruments for 
with a key to the type 
of measurement for which intended. 

V. All standards and methods classi- 
fied according to related materials. 

VI. Various color codes. 

VII. Appendix. 

Secretary of the ISCC is Ralph W. 
Evans, Color Technology Division, Bldg. 
No. 65, Eastman Kodak 
Rochester 4, N. Y. 


color 


measurement 


Company. 


Applied Solar 

Engineering 

The practical use of solar energy has 
grown to be. far theo- 
retical displays of 


more than a 


dream. Some 65 
solar-power operated scientific appa- 
ratus, industrial equipment, and house- 
hold appliances are being shown at the 
World Symposium on Applied Solar 
Energy being held at Phoenix, Arizona. 
November 1-5, under the sponsorship 
of the Association for Applied Solar 
Energy, Stanford 
University 


Institute. 
of Arizona. Under 
the same sponsorship, a Conference on 
Solar Energy—the Scientific Basis, 
was held at Tucson, Arizona, October 
31 and November 1. 

The displays are expected to include 
house heaters and coolers, stills, fur- 
naces, evaporators, dryers, cookers, heat 
storage systems, and chemical, electrical 
and mechanical converters. Three types 
of exhibits will be shown—working 
exhibits operating in actual sunlight. 
nonworking models mounted to illus- 


Research 
and the 


trate designs, components and general 
arrangement, and poster-type displays. 

Among the scientific papers will be 
a report by D. M. Chapin, Bell Tele- 
phone Laboratories, on the first year of 
silicon solar battery 


testing. Several 





other papers from General Electric 
Company, RCA. Wright Air Develop. 


ment Center. Texas Instruments and the 
Signal Corps will deal with the Various 
phases of semiconductor solar energy 


(See article in this 


converters. issue, 
page 125, on “Nuclear Batteries.” whic} 
includes some notes on the BTI solar 


battery.) 


Vinyl-Clad 
Magnesium 


Plastics-clad metals for a variety of 
instrument and machine housings offe) 
a number of interesting design 


bilities. 


poss! 
The use of vinyl-clad steel has 
already been put on a commercial basis 
“Vinyl. 
Business Ma- 


ELECTRICAI 


in business machines. 

Clad Steel Housings for 
chines.” G. H. Kress. 
VMIANUFACTURING, December 


(See 


1954, page 
115.) Other uses have also been found 
as in TV 


on vinyl-clad 


cabinets. The current work 
magnesium (to be dis 
cussed at the next Magnesium Associa 
tion meeting ) to offer still an 


other area of design innovation. 


seems 


As has been said frequently in these 


pages. “design-wise. materials — are 


indivisible.” 


Capsule Notes on 
Research Reports 


A 157-page report, “Studies in the Be- 


havior of Certain Nonferrous Metals 
at Low Temperatures,” released by the 
Office of Technical Services. Depart- 


ment of Commerce. 
Dae: 


search project conducted under a Sig 


Washington 25. 
summarizes the results of a re- 


nal Corps contract to determine best 


materials for service at low ambient 
temperatures. Metals investigated  in- 
clude tantalum. nilvar (nickel-base al- 
ley) and bervilium copper. Tempera- 
tures ranged from +80 F down to 

100 F. Copies can be bought from 


the OTS at $4 each 
PB 111657). 

Some 961 nonclassified scientific and 
industrial Atomic Energy Reports now 
available through the Office of Techni- 
cal Services, Department of Commerce 
are listed in “List of AEC 
Reports for Sale,” obtainable 
charge from OTS. 


(code number is 


Research 
without 


Proceedings of a closed membership 


meeting whose theme was “Atomic 
Energy—A_ Realistic Appraisal,” are 


now being offered by Atomic Industrial 


Forum. Inc., 260 Madison Ave., New 
York 16, N. Y. Price $5 per copy. 


paperbound. This meeting dealt with 
the impact of the expanding atomic 
industry on research and development 
(both government and industry) and on 
reactor component design and manufac- 
ture. in addition to other phases of the 
subject. 


—A.E.J. 
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Integrity in Design 


NOWHERE DOES THE QUESTION of integrity in 
design arise as forcibly as in the design of 
products for consumer use. It is difficult to 
deliberately “put something over” on a manu- 
facturer or a government organization, both of 
which set up rigid specifications. It is much 
easier to fool the veneral public by use of 
novelty appeals in place of basic utility. 

The question of integrity in design becomes 
a real one for the consultant industrial de- 
signer retained by a client manufacturer pri- 
marily to add saleability to the product. The 
designer's future livelihood depends upon the 
commercial success of the product, involving 
perhaps the absorption of millions of dollars 
worth of tooling costs over the model life. 
Yet the true professional has an obligation 
the ultimate con- 
sumer. He instinctively recoils at being made 


to serve the common sood 


a party to a shoddy deal where serviceability 
is sacrificed or ignored for some. glittering 
tinsel that has “sales appeal.” 

Speaking last month before the 11th annual 
meeting of the Society of Industrial Designers 
General Georges F. Doriot of Harvard Grad- 
uate School of Business Administration sug- 
gested a way out of the designer’s dilemma of 
serving the client and maintaining his sense 
of inherent rightness of the design. He sug- 
gested two levels of operation: First. sive 
the client what he insists on. and second pre- 
sent design suggestions wherein the consumer 
would benefit by having higher quality built 
in. This should salve the designer’s consci- 
ence and may even lead to the introduction of 
superior products that benefit both manufac- 
turer and user. This advice might well be 
directed to the engineering designer too who 
is often pressured by the sales department to 


create a product he would condemn as a 
professional. 

Aside from greater saleability, overall de- 
sign objectives could well include greater 
serviceability. higher performance level, and 
increased functions. Design for lower cost of 
manufacture could be included and need not 
imply the choice of cheaper materials, thinner 
coatings and shorter service life. Lower costs 
can be brought about by design simplification 
resulting in greater serviceability or use of 
outward forms or shapes related to ease of 
manufacture as well as to function. 

Adding functions may be a disservice to the 
consumer if the question of reliability is ig- 
nored. This often involves the choice of higher 
quality electrical and mechanical components. 
Automatic cycle controls, for instance, are a 
sham unless reliable switches are employed 
with properly selected contact points. And 
there should be easy access to parts normally 
subject to wear and replacement. 

One of the broad objectives of professional 
industrial designers is to raise the level of 
consumer “taste.” To do this and remain with- 
in the bounds of sound merchandising policy 
requires a nice balance between what the con- 
sumer really wants and the designer’s personal 
standards of quality and art in manufactured 
products. Finding out what people want is no 
simple matter and needs the aid of the psy- 
chologist to discover true buying motivation. 
Human engineering aspects also enter. 

In managetuent councils, both the appear- 
ance designer and the engineering designer 
would serve the manufacturer best by repre- 
senting the consumer’s interest. The least the 
consumer can expect is a serviceable product 
that is in good taste. 


89 











D-C Motors 


G. W. CARLSON, Application Engineer 
Reviance Evretrie & ENGINEERING Co., Cleveland 


for Duty-Cycle Drives 


Vost d-c motors used to power industrial 
machinery today are part of a variable- 
voltage drive supplied by its own motor- 
generator set. In such applications, the 
motors are called upon to start and stop 
or reverse frequently, generally at high 
acceleration and deceleration rates. Here 
is where the d-c motor shows up to ad- 
vantage but up until recently nearly every 
tough application called for a special mo- 
tor design. Now all the common require- 
ments have been built into a new line 
featuring dynamic response with good 
commutation and high transient overload 
capacity. 


WHEN PICKING A FRAME SIZE suitable for a particular d-c 
motor drive application, heat dissipating ability, adequacy 
of torque, and commutating capacity are the three major 
points to be considered. In a theoretically perfect motor 
design all three of these limits would be worked to their 
maximum degree, although generally some compromise 
must be made. 

The usual limitation to getting a particular rating into 
a given frame size is the latter’s heat dissipating ability. 
Copper losses in the armature and fields plus the friction, 
windage, and core losses all show up as heat and must be 
dissipated by the motor frame or by some means of ex- 
ternal cooling. On a continuously loaded motor ulti- 
mately an equilibrium is reached between the losses and 
the dissipating ability of the machine and if the motor 
has been properly designed and is applied correctly this 
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thermal equilibrium is reached at a temperature which 
is safe for the motor windings. 

For a motor that is intermittently loaded, the heat 
storage capacity of the frame becomes an important facto 
to be considered. It is entirely possible, for example, for a 
motor to have adequate torque ability and commutating 
capacity to drive a load intermittently that it could not 
handle continuously. For duty-cycle application, the motor 
absorbs heat at a greater rate during loading than can be 
dissipated, and the end of the load cycle should occur at 
or before the time the motor windings reach their maxi- 
mum safe operating temperature. Otherwise the insulation 
will burn or break down. Actually it is possible to reach 
thermal equilibrium at some point above safe temperature 
with no sign of insulation failure readily apparent. but 
insulation life will be very materially shortened. A quick 
rule of thumb is that each additional 10 C of temperature 
rise on the winding will halve the insulation life. 

Fundamentally the torque ability of a motor is de 
pendent upon field flux and armature current. Both of 
these factors can be varied within the limitations of avail. 
able slot space for armature coils and frame space for field 
windings. This space limitation on torque, however, is in 
excess of the limitation imposed by continuous-duty heat 
dissipation and this relationship must hold if anything 
greater than 100 per cent starting torque is ever to he 
obtained. 

[t is quite common, for instance, for a series-wound d- 
motor to draw 300 per cent torque on starting or unde 
severe overloads. Since this torque is an intermittent 0 
currence, it need not be matched by a continuous heat 
dissipation ability. For drive applications where shor! 
cycles of high torque are required, the significance lies in 
the fact that a smaller frame size at less cost can be picked. 
Typical of this type of application is a hoist drive.* 

Commutating ability is also a limit to motor rating for 
a given frame size. Unlike heating or torque capacity. 
when it is exceeded there are readily visible indications. 
Brush sparking, rapid brush and commutator wear and 
bar pitting are the most frequently encountered indications 
that the limit of this ability is being reached or passed. 
Where a motor is commutating properly, the commutator 


See alse ‘Are Smaller Crane Motors Feasible,”’ 
July 1955, p. 143) in which S. Oecestreicher i 
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will have a deeper copper (or chocolate) color in the area 
of brush contact and the brushes will have a smooth con- 
vex curve across the complete face. 

Most d-c motors used in industrial drives today are part 
of an adjustable-voltage drive supplied by its own system 
generator rather than from a constant voltage d-c bus. 
These drives frequently start, stop and reverse, and gen- 
erally acceleration and deceleration are at a high. but 
controlled rate. 

In the past, whenever a motor designer was faced with 
an application involving duty-cycle operation, he ended 
up with a special design to suit the demands of the parti- 
cular drive. With fewer limitations than the standard 
lines impose, the “specials” usually afforded the oppor- 
tunity to employ new design techniques and new mate- 
rials. In our case, these special features were so often re- 
quired that it led to the development of a standard line 
of d-c motors for rapid cycling. Before describing the line. 
let us review some drive case histories and the design 
modifications made to meet the individual conditions. 

Mining Equipment Drives. Manufacturers of min- 
ing machinery have been striving toward the goal of pro- 
viding a fast. continuous flow of material from mine 
working face or pit to the surface or to the mill. This 
speed-up calls for the ability of the driving motors to take 
higher average loads and higher peaks, in other words a 
more severe motor application. Coupled with the de- 
mand for more power in the same space, it presents a real 
challenge to the motor designer working with the equip- 
ment manufacturer. 

An example of such an application is the loader-arms 
drive on a new mine loader. Fig. 1, which picks up broken 
ore or coal off a mine floor and loads a shuttle car. Motor 
power was increased from 40 hp on the previous model to 
65 hp while taking up the same space. Forward feeding 
speeds on the loader were increased by nearly 50 per cent 
and peak loading capacity was jumped 20 per cent. To 
meet these conditions, the basic motor was redesigned with 
an increase in commutator diameter to allow for more 
bars and increase commutating capacity. By combining 
the latest techniques in winding and Class B insulating 
materials, full advantage was made of a “high flux” or 
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Fig. 1—Coal loader with crab-like loader 
arms powered by special d-c mining motors 


“iron design.” This allowed a lower number of armature- 
turns to be used and resulted in less armature reactance 
and correspondingly less armature heating. In addition, 
an improved brush rigging was designed to pull the 
brush holders in close to their supporting studs and pro- 
vide a smooth riding brush under the severest mechanical 
shocks. 

Increases in performance were not achieved at the ex- 
pense of motor life or increased maintenance. On the con- 
trary. field reports show that as much as doubled capacity 
has been achieved with twice the motor life. These new 
motors have also proved themselves on such applications 
as traction motors for shuttle cars and conveyor drives. 
They have proved themselves under a variety of conditions 
encountered in the mining of a wide number of minerals. 

Direct-Connected Press Drives. An example of a 
duty-cycle d-c drive where a high rate of response is neces- 
sary is the relatively new direct-connected drives for large 
deep-draw presses which produce auto body parts Fig. 
2. Here special adjustable-speed d-c motor drives have 
heen developed to replace the conventional press drive 
using a continuously running a-c motor, mechanical 
clutch and flywheel. In the deep drawing of auto-body 
parts the work part of the cycle of a triple-acting press is 
more than the stored energy of a flywheel can handle. 
Nevertheless an even greater part of the ram stroke is 
spent in getting the dies to and from the work. By in- 
troducing adjustable speed in the direct-connected motor 
drive. the metal can be drawn at low speed while the 
elapsed time in performing a cycle is decreased by running 
at high speed during the remainder of the cycle. See chart, 
Fig. 3 This called for an adjustable-voltage d-c drive 
system with a speed down to about half of the average 
speed of die travel in the cycle. The motor obviously had 
to have a high rate of response. The necessity for rapid 
acceleration and deceleration of the combined motor and 
press rotating and reciprocating parts called for low ar- 
mature inertia and high peak torque together with com- 
mutating capacity to handle the high accelerating currents. 

Aside from the advantage of being able to run at higher 
speeds during the nonproductive portion of the cycle, also 
of great importance is the decreased scrap loss resulting 
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from being able to accomplish the drawing operation at 
the optimum speed in accordance with the specifications 
or requirements for quality, gage and shape of sheet metal 
being drawn. Five such drives have been successfully ap- 
plied on large triple-action presses for draw work on floor 
pans, roofs, etc., at one of the automotive industry's newest 
plants. The d-c drive motor used on this application has 
a continuous rating of 500 hp, a base speed of 560 rpm 
and a small amount of field control to 690 rpm. The moto: 
has a force-ventilated enclosure. uses Class B insulation 
throughout, and is shunt wound for the best rate of re- 
sponse and controllability. In heavy production runs the 
presses will often run “on the hop” with no noticeable 
stopping at the press top point. The only limitation be- 
comes the ability to feed the press in step with the ram 
stroke. 

In this application it was quickly evident that a standard 
d-c motor of equivalent horsepower rating with an inertia 
in excess of 3000 lb-ft? would defeat itself in an attempt 
at rapid cycling. In designing a special motor for this 
application, the first step was to reduce rotor inertia by 
cutting down on armature diameter and pick up the re- 
quired torque capacity through increased armature length. 
The result was a rotating element with less than 30 per cent 
of standard motor inertia. 

It still remained to provide for commutating peak tor- 
que ability of 300 per cent. Use of pole face or compensat- 
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Fig. 2 
presses producing auto body 
parts are 
nected 500-hp d-e drive mo- 
tors 


clutch, mounted below. 





ing windings were helpful in this direction. Additional 
vain was provided by the design of an interpole circuit 
which held the interpole or commutating pole flux in step 
with the armature current. Otherwise when armature cur- 
rent shoots towards its peak, the commutating pole 


would lag 


flux g 


and good commutation would not be 
obtained. 

Repetitive shocks are common to motors on press ap- 
plications. To meet this condition a full-length rolled steel] 
frame with integrally welded feet of steel bar stock was 
designed to achieve the strength required. 

Steel Flying Shear. In steel mills a flying shear is 
often used to cut to length the product of the continuous 
rolling mill. The shear con- 
sists basically of two drums 


blade 


protruding, and geared to ro- 


Large size deep-draw each with one. shear 


using direet-con- tate in opposite directions, 
After the cut is made, 


the drums 


Fig. 4. 


without intervening 


are reversed to 
the 
Length of cut may be die- 
tated by the length of the 
cooling bed but the speed of operation of the shear is 


such that the limitation 


prepare for next cut. 


seldom lies in the shear opera- 
tion itself. The timing is most important. 

One such application requires on-the-fly shearing of 
a range of steel stock from “, in. round to | in. square 
and up to 6 in. wide on flat stock in stainless. carbon, and 
alloy steels traveling at 2200 fpm. The direct-connected 
shear drive motor, backed by a variable-voltage system, is 
force-ventilated to give a nominal horsepower rating of 
250 hp at 280 rpm. Average accelerating torque is 6960 
lb-ft and the motor inertia is 870 lb-ft?. The top and _ bot- 
inertia of 2210 
lb-ft? including their couplings and the motor brake in- 
ertia of 26 lb-ft? brings the total inertia reflected to the 
motor shaft to 3116 lb-ft". 

Using the cutting, 


tom 30-in. diam shear drums have an 


or shear point, as zero degrees there 
is an are of 41 deg on either side of the zero point that 
can be used only once during each operation for actual 
shearing. From standstill the motor is required to accel- 
erate to speed, shear, decelerate, and stop within less than 
two motor revolutions or in an angular distance equal to: 
(2 x 360) —90 


reverse to the starting point to be in position for the next 


630 deg. In addition, the motor must 


shear operation. The cycle is initiated by the bar stock 
passing through photoelectric limit switches. 
The demand on the motor and its performance can best 


be seen in the following formula: 


WR2 X N 
/ 
lr XX 308 
where l accelerating time, sec 


\ speed, rpm 
T = torque, lb-ft 
WR total inertia, lb-ft? 


Substituting the actual values given above. we have: 


3116 280 
{ 0.316 see 
8960 & 308 


During the time of acceleration the motor will cover an 
angular distance of: 


0 316 280 « 360 


265 deg 
> xX 60 
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‘ig. 3—Duty-eyele of triple-action deep-drawing 
g y-c} 
press presents severe acceleration and decelera- 
tion peaks to direct-connected drive motor. 
Fig. 4 (right)—-Flying shear drive de- 


signed to cut bar stock into 81-ft lengths 
within 14 in. at work speeds of 2200 fpm. 


Since the starting point is 315 deg ahead of shear point 
(360-45) an additional 50 deg is covered in: 


50 60 
. 0 03 see 

360 280 

The total elapsed time for shear initiation and cut then 

equals: 


0.316 0.03 0.3160 sec 


After the cut is made the motor is braked regeneratively 
and mechanically so that deceleration to a stop is accom- 
plished in 0.316 see and a rotation of 265 deg beyond the 
point of shear. With the time for control action and reset 
for shear. the total time can be shown to be 1.7 sec for the 
complete cycle of start, acceleration. deceleration, stop. 
reverse and stop again. With a line speed of 2200 fpm. 
this indicates that the shear is capable of cutting bar 
stock to &1-ft lengths within 1 in. accuracy. 

Motor inertia itself frequently can be the major portion 
of the rotating mass to be driven through a cycle. In such 
cases, it is evident that lower inertia can be directly re- 
lated to the dollars saved as the result of a faster cycle 
and higher production rate. By utilizing a motor of special 
low-inertia design, in this instance overall system inertia 
was cut to 60 per cent of what had been the value using 
a standard d-c motor. 

Heavy armature current encountered during acceler- 
ation and deceleration demands that the brushes be kept 
in intimate contact with the commutator at all speeds and 
through mechanical shocks resulting from the shearing 
operation. In designing this motor the brushes were 
pulled in close to the supporting stud, with the spring 
tension outboard. Proximity to the stud provides close 
brush holder support with minimum cantilever overhang 
and gives a smooth riding brush. 

To withstand the repeated shocks of the shearing ac- 
tion a large diameter shaft with better than twice the 
strength of commercial line shafting was used. 

Automation Conveyors. Integrated conveying sys- 
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Drive 
motor 


tems that transfer work between production machines 
represent another example of a severe duty-cycle drive. 
In one such application the motor is called upon to move 
a 1600-lb carriage and its 150-lb load a distance of 6 ft. 
The cycle from rest to stop takes place in 1.4 sec. The 
carriage advance is followed by a 0.75-sec dwell, then 
is repeated. For this application a special 40-hp low- 
inertia d-c motor with high peak torque and commutat- 
ing ability was designed. It was geared so that the 
hase speed of 1150 rpm of the motor is equal to 8 ft 
per sec on the conveyor. 

Equations can be set up that may be solved simul- 
taneously to show the rapid rate at which the motor has 
to accelerate and decelerate the load. 

From the statement of the problem: 


24, + & l 


| sec 


where f elapsed time during acceleration and decelera- 
tion (assumed to be equal) 
lo elapsed time at base speed 
Y=8 
6 al 
where distance traveled during time of acceleration 
and deceleration 
) distance traveled at 1150 rpm 
and a rate of acceleration and deceleration 


From the statement of the problen: 
2A +} 6 ft 

Solving these equations simultaneously indicates that 
i 0.65 sec and ¢, — 0.1 sec. Acceleration time was 
materially decreased in this application by using a spe- 
cially designed motor with armature inertia less than 25 
per cent that of a standard motor. While the relative 
total moving mass of the machine may be well in excess 
of that of the motor, the inertia reflected through gearing 
shows up at the motor shaft inversely as the square of 
this reduction ratio. 

\ fast response interpole circuit is required to keep 
interpole flux in step with armature current under the 
changing load and thus provide good commutation. 
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Fig. 5—Metalworking planer with special 
variable-speed drive to afford extreme- 


ly fast acceleration and deceleration. 


Laminated interpoles, non-magnetic pole bolts, and brass 
shimming between frame and pole were used in this 
motor to aid in getting this fast response. 

Plastics and Processing Equipment. While the de- 
mand for acceleration torque to overcome inertia is often 
thought primarily to be necessary in obtaining high out- 
put trom a machine, it can also be a necessity to afford 
maximum safety in the event of the need for rapid 
stopping. Such a condition arose in a coating calender 
drive for which a 150-hp, 680/1225-rpm motor was 
supplied, where the top field contro! range of 1225 rpm 
corresponds to 200 fpm line speed. In this particular 
application, primartiy because of the high reduction ratio 
between the motor and the calender, the largest inertia is 
not that of the driven part. but is the motor armature. 
For instance, there is a reflected roll inertia of only 
20 Ib-ft?. a gear reducer inertia of 41 lb-ft", a coupling 
inertia of 246 |b-ft? 
bringing the total inertia to 313 |b-ft?. 


inertia of 6 lb-ft". and a motor 





Meeting the safety code requirement for this calender | 
drive calls for being able to stop within 12'2 motor 
revolutions. To do this. field forcing in both the motor 
field and in the field of the back-up generator had to be 
applied. The demands on the motor can best be seen 
in the following formula: 


N2(\ 1) WR 
evolutions to stop = 
55,500 T 
where NN motor base speed, rpm 
XY = field control range 


WR? = total inertia of the system reflected to 
the motor 


T base-speed torque, lb-ft 


This formula can be used in determining the amount 
of time elapsed or revolutions elapsed in braking from 
top speed in the field control range down to base speed. 

Substituting the design data given, we obtain: 


1225\3 313 
(680)? ( ) —1 
680 35,500 (1400) 


The value of 7 substituted is torque at 200 per cent base 
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speed. This is the equivalent of hitting the motor with 
200 per cent peak load and with a high rate of change 
while it is in the field-weakened condition, which is ex- 
tremely demanding on the commutating ability of the 
motor. From base speed down, the stopping time f¢ in 
seconds can be determined by the formula: 

WRN 313 X 680 


i = - = 0,193 sec 
308 T 308 & 1400 


Assuming an average speed of 340 rpm between 680 
rpm and standstill, stopping takes place at the rate of 
5.67 rev per sec, and over a time of 0.493 sec the motor 
stops in 2.8 rev from base speed. Combined with the 
revolutions from the top field control to base speed this 
gives a total of 11.8 rev during stopping. 

Here then is a motor application calling for dynamic 
response for slightly different reasons than some of the 
others. These requirements indicated that the armature 


of the usual 150-hp frame size with its high inertia 


150 speed 
changes per hour are encountered 
in the drive of full-fashioned ho- 
siery knitting machines employing 
variable-speed drives. 


Fig. 6— As many as 


Graphic record 
performance 


Fig. 7 (right) 
of — duty-eycle 


of knitting machine motor. 
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Fig. 8—Mechanical features of Reli- 
ance Super “T” “Dynamic Response” 
d-c motor. Rolled steel frame, low- 
inertia armature and rigid brush sup- 
ports close to commutator are pictured. 


would defeat itself in an effort to brake in the allotted 
number of revolutions. Demands on peak commutating 
ability would be in the region of 400 per cent of full 
load. Motor selection was then made on the basis of 
putting the winding and commutator for the 150-hp 
motor into a smaller frame and using Class B insulation. 
Use of this smaller frame resulted in a 50 per cent reduc- 
tion in total inertia and cut the peak commutation to 200 
per cent. It then became a problem for the designer to 
translate these demands on the motor into a_ proper 
combination of interpole and main field flux needed to 
commutate high peaks under weak field conditions. 
Planers. Demands on the driving motor for a metal 
working reversing planer can be extremely rigorous. For 
example, on a 4:1 planer ratio (with 300 fpm on the 
cutting stroke equal to the 1200 rpm on the motor) it 
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is extremely important to get the motor up to speed 
rapidly in order to get into the productive part of the 
work cycle. The demand on the motor may be extremely 
heavy because of the peaks during acceleration and de- 
celeration that occur in order to accelerate a 21,000-lb 
planer bed from 0 to 300 fpm in less than 14 sec. Of 
equal importance is the actual rate of change of current 
which runs from zero to twice rated current in less than 
().2 sec. 

The planer pictured in Fig. 5 has a 35/70-hp motor 
with a speed range of from 250 to 750 rpm by voltage 
control and from 750 to 1200 rpm by field control. Full- 
load current is approximately 239 amp. During accelera- 
tion from rest, typical peaks of about 200 per cent occur 
in less than 0.2 sec, and it is not uncommon for the peak 
values to be as much as 400 per cent in some instances. 
On a production planer, peaks of this magnitude may be 
obtained as often as once every few seconds. Since a 
large part of the total inertia lies in the motor itself, any 
decrease that can be made here is desirable. In addition 
to the need for having the lowest possible WR” in the 
motor the features of very low electrical inertia and high 
peak commutating ability are mandatory. 

Because of the cyclical nature of the work the motor 
cannot provide its own cooling. Hence a motor-mounted 
blower was added to provide continuous cooling through- 
out the cycle. Use of a high flux design to carry the 
peak loads dictated the use of a heavy-section frame ring 
to carry both main field and interpole flux. Utilizing the 
heavy ring as a basis, the complete mechanical housing 
consisting of end brackets, frame, and integrally welded 
feet, along with oversize shaft, was designed to be com- 
patible with the repeated peak loadings which are no 
less severe mechanically than they are electrically. 

Textile Machinery. Unlike some of the massive mo- 
tor applications heretofore described, textile machinery 
drives call for delicate response. On a_ full-fashioned 
hosiery knitting machine capable of producing 60 stock- 
ings per hour, for instance, the drive motor is called 
upon to go through 150 speed changes per hour during 
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Fig. 9—Aeccelerating and reversing no- 
load performance of 15-hp at 850 rpm 
Reliance motor with and without flywheel. 


the process of dropping stitches as the width of the ma- 
terial is changed to follow the contour of the stocking. 
On a typical machine, Fig. 6, which is 50 ft long, a 5 
to 714-hp d-c motor is specified. Starting with the welt. 
to bring the machine up to operating speed the motor is 
called upon to commutate a rate of change of current of 
from 0 to 110 amp in 0.075 sec. Not only is the peak 
approximately 300 per cent of full-load current but the 
rate of change of current is significant in itself. As charted 
in Fig. 7, typical of a portion of the knitting cycle, even 


after the original breakaway or start of the machine the 


motor is continually being called upon to change speed 
rapidly by automatic cycling or programming. 

Motor selection here was based on utilizing as close 
to a standard design as possible. with close attention to 
field and armature design combined with precise adjust- 


ment on the test floor to assure obtaining a maximum 
of precise performance from the motor. 

New Motor Line. The examples outlined 
pointed up a trend in the demands that are made on d-c 


have 


motors. The background and experience gained in just 
such duty-cycle cases indicated that a new line of d-c 
motors could be designed to incorporate many of these 
operating features as standard. To summarize. for high- 
speed synchronized drives. motors must meet the demands 
for fast acceleration and deceleration, smooth shockless 
starting. stopping and accurate timing, plus the depend- 
ability expected of heavy industrial motors. And if it is 
a part of an automatic production system, the drive must 
respond to feedback signals with minimum delay. To 
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meet this need. Reliance has developed a new line of d-c 
motors featuring maximum overload commutating ca- 
pacity. lowest time constants in their electromagnetic 
circuits, and lowest inertia consistent with meeting torque 
requirements. “Dynamic Response” is the term applied 
to the new Super “T” line. 

Some of the principal features of the motor line are 
illustrated in Fig. 8. Frame is rolled steel with carefully 
integrated feet. Shaft is turned from hot-rolled high-tensile 
alloy steel in sizes to meet heavy mill-duty service. In the 
larger sizes (above 10 hp at 500 rpm) cylindrical roller 
bearings support the shaft at the drive end, deep-groove 
ball bearings otherwise. For motors from 712 to 250 hp 
five basic armature diameters were chosen, all relatively 
small to reduce inertia and with extended lengths to meet 
torque requirements. 

In line with the new NEMA standards for future design, 
motors are rated continuously at 60 C rise with protect- 
ing covers. instead of 50 C. using Class B insulation. In 
the Reliance line fiber glass, mica and high-temperature 
impregnating varnishes are used for armature insulation. 
Cooling air passes through longitudinal ducts in the 
laminations as well as over the surface of the armature. 
Field coils are insulated with a system of fiber glass, 
mica and Mylar and are wound on metal bobbins which 
fit tightly over the poles. All voids of the windings are 
filled with a solid resin. 

To provide great mechanical strength and accurate 
alignment of the brushes, the holders are bolted to a 
heavy rectangular stud which is held in a slot in a heavy 
insulating rocker. Reaction-type brush holders carry the 
brushes at a 30-deg angle and are mounted next to the 
holder support for maximum rigidity. 

Ability to commutate high overloads without destruc- 
tive sparking is related to electromagnet design as is the 
electrical time constant. To obtain an optimum design 
the problem was studied by fluid dynamics in addition to 
mathematical analysis so as to provide for the most rapid 
magnetic field changes. Besides modifications in the field 
and interpole windings. fewer turns of heavier wire are 
used on the armature to aid in lowering the time constant 
and in improving dynamic response and incidentally in 
reducing losses. 

Limitations. Even with the best design, limitations are 
encountered in trying to select the smallest frame size 
capable of handling the loads encountered in a particular 
drive. For applications where the torque ability and com- 
mutating ability of a motor have been satisfied. the final 
selection may depend largely on the heat dissipating 
ability of the motor. D-c motor duty-cycle computations 
may be used based on the rms method of calculating. 
Such a calculation is not valid, however, if used for a 
motor application that calls for all the motor can deliver 
for a period of 24 hr followed by a shutdown for a week. 

In the simplest approach to this type of calculation 
the armature current is assumed to be proportional to 
horsepower. Field heating can be ignored and motor 
heating can be estimated as being proportional to the 
square of the armature current or square of the horse- 
power. If a standard motor is used for the application, a 
value of 150 per cent of full-load current can be assumed 
during acceleration and deceleration: with a special motor 
it would be higher. Several approximations can be made 
concerning the cooling ability of the machine during its 
cveling operation: 
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Dynamic braking peak on a 100-hp d-c motor with dynamic response driving a dynamometer with inertia greater than 


that of the motor. 


At full rated speed cooling is considered to be 100 per 
cent. 

During acceleration or deceleration cooling is about 
62 per cent of that at rated speed. 

At rest cooling is about 25 per cent. 

There are two exceptions to the above rules in that 
totally enclosed non-ventilated and force-ventilated motors 
have a cooling rate of 100 per cent regardless of speed. 

Duty-Cycle Study. A typical example of a simple rms 
calculation can be used to compare a conventional d-c 
motor with a new Reliance Super “T’ motor to see what 
is gained by a motor with dynamic response on an as- 
sumed application. 

Assume a machine with a running load requirement of 
6 hp at a motor speed of 1150 rpm and a friction load of 
l hp. Using a 4.18:1 gear reduction the machine runs at 
240 rpm. Cycle of operation requires the motor to ac- 
celerate the machine to its maximum speed of 240 rpm. 
run at the 6-hp load for 6 sec. and decelerate to rest. A 
reloading of the machine would consume 1 sec and the 
cycle would be repeated. 

For the conventional d-c motor assume a_ standard 
overload ability of 150 per cent of full-load current and 
adequate torque ability during the periods of acceleration 
and deceleration. The performance calculations are com- 
pared in the accompanying tables. The 11 per cent gain 
in total cycle time indicated means the equivalent of 
nearly an hour per day more production during an 8-hr 
shift. 

Performance of one of the new d-c motors is charted in 
Fig. 9 from an actual test demonstration. The motor 
(frame TY-366) has a nominal rating of 15 hp at 850 
rpm. Test cycle called for a reversal from 850 rpm in one 
direction to 850 rpm in the opposite direction in approxi- 
mately 0.6 sec. Inertia of the armature alone is 7 lb-ft”. 
Adding a flywheel with an inertia greater than 41 times 
the motor inertia increased the period to 1 sec. This 
test under no load demonstrated that the motor hit peaks 
of approximately 300 per cent overload during reversal 
and did so with excellent commutation. 

\ further test demonstration was made of one of the 
new motors rated 100 hp at 1750 rpm (frame TY-503). 
This motor was loaded up to 400 hp for a period of 20 
to 30 sec, with excellent commutation. 

To further demonstrate the peak ability of these ma- 
chines the motor was coupled to a dynamometer which 
had inertia much greater than that of the motor and 
was dynamically braked from 1750 rpm to stop. Peak 
current readings were taken, Fig. 10, which indicated that 
while 360 amp would be normal full-load current. this 
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motor on dynamic braking drew in excess of 1500 amp 
in bringing its connected inertia as well as its own to stop. 

Dynamic response represents a summation of what the 
new motors offer industry today: Higher commutating 
ability, lower mechanical inertia and lower time constants. 
When these features are coupled with a mechanically 
rugged motor there is available in a standard motor the 
ability to meet applications requirements that previously 


required extremely special designs. 6.o¢ 


Duty-Cycle Performance 


of Two D-C Motors Compared 


Reliance 
Super ‘T’ 


Conventional 
Motor Motor 


Nominal rating, hp 15 15 
rpm. 1150 1150 

Rotor inertia (WR?), Ib-ft? 12.45 6.10 

Assumed reflected load inertia, Ib-ft? 21.70 

Total inertia, Ib-ft? 34.15 

Motor full-load torque, lb-ft 68.5 

Avg. accelerating torque, “% full load 150 

Avg. accelerating torque, Ib-ft 103 

Friction torque, Ib-ft ; 6.85 

Net avg accelerating torque, !b-ft 96.15 

Net avg decelerating torque, Ib-ft 109.85 

Avg accelerating time, sec* 1.33 

Avg decelerating time, sec* 1.16 


( ——~) 
t= i 
308 T 


Relative duty-cycle heating 
(Proportional to square of 
armature current 
Acceleration 


Conventional Motor 


Running. .. 


Deceleration 
Rest. 


Relative duty-cycle cooling 
Values as outlined in text 
Acceleration 
Running 
Deceleration 
Rest 


Rms values of full load 


\/6.92/7.67- 


Cycle times, sec 
Acceleration 
Running 
Deceleration 
Rest 


Difference 
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IRVING REMIS 
SIGNAL Corps ENGINEERING LABORATORIES 


Fort Monmouth. N. J. 


Simplified 
Design of 
High-Temperature 


THE DEGREE OF 
transformer design is dictated mainly by the practical 


MINIATURIZATION POSSIBLE in power 


levels of flux density and current density at which 
magnetic cores and copper wire can be operated, and by 
the temperature limitations of the insulating materials 
used. Miniaturization must be accomplished by per- 
mitting higher operating temperatures and by using 
compatible high-temperature insulations. The reason is, 
of course, that temperature rise is a function of energy 
losses in the core and coil windings and the surface area 
available for heat dissipation. 

Temperature and Insulation. The Class A* 
temperature design) transformer uses such insulations as 


(low- 


kraft paper and low-temperature varnishes intended for 
operation up to 105 C. Common design parameters for 
this class include an ambient temperature of 65 C and a 
temperature rise of 40 C. A transformer will. in equi- 
librium, assume a surface temperature such that it will 
dissipate heat from its surfaces (by radiation and con 
vection) equal to the total copper and core losses. The 
Class A unit operates with surface radiating temperatures 
below 105 C and must therefore have a large surface 
area to dissipate its loss energy. 

The Class G 
rated for 200 C, and common design parameters for this 


transformer uses insulating materials 


class include an ambient temperature of 85 C and a 
temperature rise of 115 C. Because of the higher surface 
temperatures there is a greater heat dissipation per unit 
area. For this reason the Class C unit may frequently be 


*The designations Class A and Class C were used in Specification MIL-T-27 


< 


(September 1949) to specify the insulating materials used This specification 
has been superseded by MIL-T-27A (March 1955) in which the class designation 
specihes maximum operating temperature rather than the insulating materials 
The temperature ratings are as follows: Class R, 105 C (Class A_ equivalent) 
Class S, 130 C; Class T, 170 C; and Class [ greater than 170 C as specified 
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Power transformer design is an important 
cost and time factor since each new elec- 
tronic equipment development almost always 
requires engineering of new transformers to 
meet special requirements. Much transformer 
designing has been done by experienced 
specialists who, it is felt, are practicing an 
art rather than a science. The reduction of 
this art to empirical rules or to scientific 
data could do much to simplify transformer 
design methods, particularly if the methods 
were straightforward. This has been done 
for the design of miniature high-temperature 
transformers, intended primarily for military 
applications. 


Transformers 


but half the size of an equivalent Class A transformer. 
Although — the 
mentioned above are convenient for illustrative purposes, 


temperatures and temperature rises 


any values consistent with the maximum operating 
temperatures can be used in practice. Thus, a Class A 
unit could be designed to operate in an ambient of 85 ¢ 
or even 100 C if necessary, hut with reduced temperature 
rises permitted in the design. A Class C unit can similarly 
he designed for an ambient of 65 C, 100 C, or even 150 C 
provided the temperature rise is limited so that the maxi 
mum internal temperature does not exceed 200 C. 

It should be pointed out that in a transformer of about 
35 volt-amperes or less, little size reduction can be 
realized by using high temeprature design. Here, the 
veneral requirements for regulation dictate windings 
which are irreducible in size, and the size in turn dictates 
final surface areas that are ample for heat dissipation. 
Such transformers are designed for 200 C operation onty 
if the ambient temperatures are very high. 

With the availability of high temperature materials 
ind techniques of miniaturized designs, it would seem 
that most power transformers should be of Class C design. 
However, the comparatively high cost of the Class ( 
unit does not permit such generalization, and in practice 
such designs are limited to applications where miniaturiza- 
tion or high ambient temperatures are dominating factors. 

In Class C applications new problems sometimes arise 
from the location of the hot transformers on a chassis 
near other components (resistors, capacitors, rectifiers. 
etc). The rise in effective ambient temperature for such 
components can cause their premature failure. Where 
such sensitivity exists. the transformer must be located 
to avoid proximity effects, or heat barriers must be placed 
between the transformer and other components. 


. . 
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This development program included the 
following Signal Corps contracts: “*Develop- 
ment of Miniaturized Hermetically Sealed 
and Open Power Transformers,” Contract 
W36-039-sc-44500, Chicago Transformer Co. : 
“Temperature Prediction in Transformers,” 
Contract DA-36-039-se-5470, Armour Re- 
search Foundation; and “New Design Method 
for Power Transformers.” Contract DA-36- 
039-8e-5519, Armour Research Foundation. 
This article combines the findings of the 
three projects and describes a detailed pro- 
cedure for designing power transformers 
with accurate estimates of temperatures and 
temperature gradients in various locations. 


It should be pointed out that although there is a large 
increase in the heat dissipation per unit of surface area. 
there is slight change in the total loss and therefore a 
slight change in the efficiency. Also, copper resistance 
increases with temperature and can cause significant 
changes in the regulation, either no load to full load, or 
full load cold to full load hot. Winding resistance under 
hot and cold conditions should be checked in cases where 
regulation is important. 

Application Information for Design. The design 
procedure to be described makes extensive use of charts. 
graphs and a nomograph; and it eliminates much of the 
trial and error prevalent in other methods. The ranges 
of electrical characteristics and operating conditions are: 

|. Power output: To 5 kilovolt-amperes 

2. Operating voltage: To 50 kilovolts 

3. Frequency: From 25 to 2500 cycles per second 

4. Atmospheric pressure: As low as 1.32 in. of mercury 

(corresponding to an altitude of approximately 

70,000 ft) 

5. Operating temperature: To 200 ¢ 
















Notes: Fo= 0.08 109;g W, + F 
Count each plate winding 
|as two. F is constant y 
below one kilovolt 
O05! 7G Not ttt if Fe is negative or zero, +++ 
calculate Fe and 2 for 
5000 working volts ond 


u O ‘increase £ by 03 in. for > ++) 
each additional 5000 

-005| working volts.To obtain wire 
size, use 2 corresponding to 7 
5000 working volts. To obtain| 
-0.10) Sc, use final value of 2. | 
-0.15} t } 

020, 


| 
2 3 456780 20 304050 70 100 
Peak working voltage, kilovolts 


Fig. 1--Curve for determining term F of space winding factor 
(Sep 3, next page). 
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Hermetically sealed transformers, both rated at 90 watts. 
Miniaturized Class C unit (left) weighs 5. Ib and has a 
volume of 39 cu in. compared with 9 Ib and 82 ecu in. of the 
conventional Class A unit. 


The procedure takes into account any temperature rise, 
so that it can be used freely for high temperature designs 
or the more conventional low temperature types. 

Prior to starting a design. the engineer should have 
the following information: (1) Grade of transformer 
(hermetically sealed, open, potted, etc); (2) ambient 
temperature: (3) maximum rise above ambient tempera- 
ture: (4) frequency range: (5) primary voltage and 
voltage taps; (6) secondary voltage, taps and current 
(each winding); (7) maximum working voltage to 
ground (each winding): (8) maximum dimensions and 
weight: (9) efficiency: (10) regulation (no load cold to 
full load hot, full load cold to full load hot, or both); 
(11) temperature range over which regulations is to be 
computed; and (12) life expectancy. 

Pertinent circuit information should also be available. 
lor example. if a winding output is to be rectified, the 
designer should know whether there will be any unbal- 
anced direct current. He should also know the type of 
filter circuit used, whether it is capacitor or choke input. 
Consideration should be given to the required output 
voltage of the transformer and the maximum permissable 
d-c resistance of the filter choke so that a compromise 
may be reached that will yield the smallest or lightest 
combination of the two components. 

It is desirable that the information be supplied on a 
form sheet which will assure a complete set of require- 
ments presented in an orderly manner. Too often trans- 
formers are inadequately designed because insufficient 
information is supplied to the designer, who is then 
forced to assume application conditions. 

Generalized Design Method. The generalized de- 
sign method, tabulated as a step-by-step procedure below. 
is applicable to many different types of power trans- 
formers, such as filament transformers, plate transformers. 
autotransformers. etc. However. slight modifications of 
the procedure are necessary to meet the special require- 
ments peculiar to each particular type of power trans- 
former. These modifications are individually presented. 
The generalized design procedure consists of the follow 


Ing steps. 
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STEP-BY-STEP DESIGN PROCEDURE 


Step No Design equations Legend, remarks, notes 


| WY, = E, I, W,, secondary volt-amperes; £,, secondary voltage; /,, second- 
ary current. 


WW ag\'* W., copper loss (watts); S., winding exposed surface area (sq 
= —= in.); AT, winding temp. rise (deg C): K, constant (Table 1). 
S K Note: See Table IA for standard conditions. 
3 F. = 0.08 logio W,’ + F F.., copper space factor; W,’, equivalent rating based on 60 cps 
W, and 40 C rise; F, operator to account for space factor (Fig. 1); 
Ww’, = — T, maximum winding temperature rise, deg C; f, operating fre- 
(- pate (~) . quency. cps: W,, (Step 1). 
60 10 
| Nomograph (Fig. 2) k,, CVable IL): F;. core space factor given by manufacturer 
KW, 


Scale Factor A 


Ff 


Nomograph scale factor F MW 
” F.W F.., (Step 3): , (Step 2); p, resistivity of copper at design 
Se temperature (Fig. 3). 







ps 


B, flux density in kilolines per sq in. Use Table IIT as a guide. 











/, Characteristic lamination dimension. Draw a line on the nomograph between points found for Scales A and F 
(Steps 4 and 5). Draw another line from the point where the first line intersected Scale C to the point obtained for 
Scale B (Step 6). The intersection of this second line with Scale D gives the characteristic lamination dimension. 












Core Data 


OT 






















< L L, core width (in.); 1, (Step 7); L, (Table TD). 

s | nel ( ) : 

9 Lamination size Select lamination having ler width close to L (Step 8) = 
10) Law sion area (sq in.) obtained from lamination Sentaabons. a. 7 
11 1.A Is 1. Ay, product of window area times iron core area; [, (Step 7) 








{;, iron core area. 








_ Tron core stack 


L 


4 s, ratio of core stack to core width used in Table I 


15 S; = KR S;, exposed core surface area (sq in.); K» (Table 11); /, Step 7 
16 Vl; (kK; F,6;)/ \7;, core weight (lb.); K;, (Table ID; F;, core space factor 


given by manufacturer; 5;, density of steel (0.276 lb/in.* for 
cold rolled oriented and 0.272 for hot rolled non-oriented silicon 
steels). Note: Core weight is usually given by the manufacturer. 
Use the equation only when the weight is not available. 


17 Core loss per lb, obtained from steel curve supplied by manufacturer ond maltiolied by annealing Gaia Table IN 
18 W;, core loss per Ib (Step 17) mudttalind by core weight (Step 16) 

19 Volt-amperes per Ib, obtained from steel curve multiplied by serountene from Table IV 

20 Wo waite excitation. Volt-amperes per ib (Step 19) multinlied ov aove weight (Step 16). 


Winding Calculations 


S., winding exposed surface (sq in.); Ks, (Table II); 1, (Step 7). 





“Nu vi 
22 i ( ) S W.., approximate winding losses (watts); —- (Step 2 


Je 









W. Approximate regulation, per cent; W, (Step 1). 
23 = x 100 
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Fig. 2—Power transformer nomograph for determining value 











of characteristic lamination dimension (Steps 4 through 7). 2.5 
st rc Draw a line from Seale A to Scale F, marking intersection on 
KoWr Scale C. Draw line from this point to Scale B. Intersection 
Fif on Scale D gives value of 1. 
40 
4 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 






Design equations Legend, remarks, notes 











V/., conductor weight (lb); A,, (Table ID; F., (Step 3); 6-,den 


sity of conductor material (0.321 Ib per cu in. for copper) 
















I /,. primary current; £,, primary voltage; W,, (Step 1): 
25 / VW, +W.+W 40 iN (Step 18): W., (Step 22): W.,, (Step 20) 
k 


j 


6 





CMA, circular mils per ampere; A;, (Table 11): F., (Step 3): 
F.W. 
p a» 





CM/A = K;F FW 


\ ps l, (Step 7); , (Step 5). 
















=f Wire Sizes. Multiply the CWA by the current for each winding and select the nearest standard size 


\ 10 \ 





turns per volt; f, operating frequency (eps); B, Flux density 


I 1 1fBA FE I 
in kilolines per sq in. (Step 6); A;, lron core area (Step 12); 
F’;, lron core space factor given by manufacturer 


29 Purns Per Winding Multiply turns per volt by the required voltage for each wind 
ing. Correct for regulation by adding turns to the secondary 
and subtracting turns from the primary. The percent regulation 
(Step 23) should be divided, one half for the primary and the 

remaining half divided amongst the various secondaries 


























Winding Layout 


30 A. Winding Length: Winding length is equal to the window length of the laminations minus the required margins. 


The margins are based on either the mechanical or electrical requirements, whichever is larger. “The minimum 
margins required for mechanical strength are listed in Table V. The following margins are recommended for rms 
working voltage requirements: 

8-10 volts per mil for open core and coil transformers 

10-15 volts per mil for compound filled cased transformers 

15-20 volts per mil for oil filled cased transformers 

B. Turns per Layer: Maximum number of turns per layer is determined by dividing the winding length by the wire 
diameter and multiplying the result by the space factor of the turns (usually 90 per cent). 

Note: Many manufacturers of copper wire publish information pertaining to diameter, resistance, turns per inch, 
etc. 

C. Insulation Thickness: Thickness of layer insulation selected for mechanical reasons is given in Table V. The 
thickness of core tube selected for mechanical reasons is given in Table VI. The breakdown voltage of different 
materials vary. Therefore, it is recommended that the material manufacturers data be used for selecting the 
thickness of insulation to meet given voltage requirements. 

D. Coil Build-Up: The total build-up of the coil should be calculated. This build-up should comprise approximately 
85 per cent of the window width to allow for coil bulge, overlaps in layer insulation, ete. 3 





Temperature Calculations 


It is desirable that the temperatures in the various parts of a transformer be known so that suitable materials may 
be selected. These temperatures may be predicted using the method described below. 
It is essential that the designer have the following information before starting the temperature calculation: 

1. Type of transformer: Open, potted, or oi! filled. Given or determined by the designer 

2. Core size: Lamination and stack. (Steps 9 and 13) 

3. Case dimensions: Given or determined by the designer 

| 









Type of compound or oil: Determined by the designer 
». Core loss at operating voltage and frequency (Step 18) 
6. Copper loss at full load and operating temperature: (Step 22). 
Ambient temperature and pressure: Given. 
Surface Temperature Rise, 0,,-7: In the following equations h, and h,, used to calculate 0,,,-7, are In themselves func- 
tions of 6,.,7. This necessitates a cut-and-try procedure whereby an assumed value of 0,,,/ Is used to find h, and h,, 
which in turn are used to calculate 0,,,;. If the assumed value is greater than the calculated value, the equation 
Osurg = (0.10 X assumed value) + (0.90 X& calculated value) may be used. Approximately 70 per cent of the total 
expected temperature rise may be used as a rough guide for the selection of an assumed 0,,,,. This figure will in 
variably be greater than the calculated value 













e Pp h., coeflicient of free convection, watts/in?/deg C; P, ambient 
31 A h 3. 75: X.10* > pressure in atmospheres (Fig. 4); S, surface area of core and 
‘ coil equal to S, + S;. (Steps 21 and 15). 


3.0 x r T h,, coefficient of radiation, watts/in?/deg C; e, emissivity of 
31B h e , ) ) surface (Table VII); 7), absolute estimated surface tempera- 
0 


100 100 ture, deg C + 273; To, absolute ambient temperature, deg © 
+ 273. | 
W.+W F sure, (Table VID); We, (Step 22); W;, (Step 18) 
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Table I—Values of K for Approximate Temperature Rise Equation 


Transformer Construction Open Compound-filled 
ro ~~ Coil-and-Core Configuration* | 
—__—__— — Shell (with 
Ambient Temp —°C Frequency cps Shell end cases) Simple Simple Simple 


25 | 90 92 84 

60 | 94 95 88 

200 | 107 107 101 

400 | 122 119 117 

800 132 129 128 
2500 131 131 


25 86 81 
60 90 86 
200 101 
400 112 
800 122 
2500 | 


Oil-filled 


*See sketches of Table i. ie 





Table 1A—Values of (AT/K)'” for Standard Conditions 








. | Ambient Open core and coil Compound | Oil 
~° Temperature | Frequency | ry — —— - ————_—_—— — $< 
a A deg | cps Shell | Simple | Core Shell Simple | Core Shell | Simple | Core 
— ee | a | ——_ —— — | —--_—_-+—— |——————$. | ————_ | ————————_ | 
St) a bm ore | 0.20 | 0.322 | 0.60 | 0.43 | 0.933 | 0.625 | 0.50 | 0.416 
40 65 j 400 0.358 0.294 0.247 0.352 0.278 | 0.232 | 0.417 0.333 0.278 
115 | 85 | 60 1.95 1.52 1.26 1.95 1.55 1.26 2.45 1.95 | 1.62 
115 85 400 1.46 1.19 | 0.975 1.36 | 1.10 0.895 | 1.12 | 1.31 1.10 
f 


5 
y ¥ 
3 ve) 
‘ N 
= + 
z f2.5L 
LLL 
= Scrapless E-1 Shell T (Coil on Each Leg) 
Vv Simple Type Shell Type memes oo (Average Proportions) 
(Single Coil) ; | of ss aL 
(Typical (Average 
Proportions) Proportions) ly 2 214 3 | 1.5 2,25 
6.25 1.667 ‘ ; 1.50 1.875 | 2.25 6.75 | 10.12 
0.633 0.880 0.902 0.854 0.817 | 621 561 
6.42 5.87 ‘ 5.42 5.13 | 4.90 | | 7.85 6.82 
6.42 6.24 ; 6.84 7.32 | 7.82 4.57 4.97 
1.00 1.162 411 | 1.632 1.826 2.00 | 578 .707 
1.00 0.860 0.612 0.548 0.500 | 1.732 1.414 
16.9 12.22 ‘ e | 9.20 8.23 7.51 | | 25.8 23.1 
16.9 21.7 ’ 25.3 26.6 | 28.0 | | 10.08 | 10.44 
n | 0.616 0.661 0.675 | 0.698 | 0.720 | | eI YE 
| 6.42 6.84 3 8.86 9.35 9.80 | 4.37 | 4.82 
| 16.9 21.7 25.3 26.6 | 28.0 | | 10.44 
16.9 | 12.22 9.20 8.23 | 7.51 | | 234 | 
6.42 5.37 ‘ 4.19 4.01 3.91 | 7.03 
' 785 842 860 886 917 | 703 
d 22,500 19,370 19,480 | 15,920 | 13,780 12,310 11.250 700 | 38, 31.800 
if *,¢ ege a . 
7 Table li—Suggested Flux Densities for Silicon Steels at Various Frequencies 
Flux density, kilolines per sq. in., frequency, cps 
Material and core 400 800 
ene Non-oriented steel, stacked core. 


Oriented steel, stacked core. . 
ING Oriented steel, wound core. . 





Table Vi—Core Tube Thickness for 
Mechanical Strength 





Smallest core dimension, in. Tube thickness, mils 


to % 10-20 

% to % 15-30 
&% to %4 17-35 
% to % 20-40 
% tol 25—45 
7 —/_ 30-50 











Table Vil—Emissivities of Various Surfaces 





Surface Emissivity (e) 





2-0.96 
8-0. 91 


Cil paint (any color) 
88-0.91 
8 
2 
8 


0. 
Enamel (any color) 0. 
Varnish.... 0. 
B,ack Lacquer 0.80-0.95 
Aluminum paint : % J 


Dull sheet Steel 


Resistivity , microhm-inches, p 


° 











Table Vill—Surface Form Factors 





Construction 


Open (shell or core 
Compound filled 
Oil filled 





20 40 60 80 100 120 140 160 220 
Temperature, deg. C Table 1X—Thermal Conductivity of 
Potting Compounds 


Fig. 3—Resistivity curves for copper and aluminum. 


Compound k (watts/in.2/deg C 


1007 bitumen ° = 
: . . i 45% sili . 
Table I1V—Typical Core Loss and Excitation of Bitumen 887, ellica 0.016 


Transformer Cores as Percentage of Epstein 


Values for Silicon Steel 
Table X—Constants for Hot Spot Equation 


Core loss Excitation Ste 31 G 
Material and core (Per cent) (Per cent) ( P 


Non-oriented steel, stacked core 120-140 150-300 Construction 
Oriented steel, stacked core ; 130-160 300-1000 
Oriented steel, wound core (two butt joints ; 105-135 200-500 
Open 
Compound filled 
Oil filled 


Table V—Layer Insulation and Margins 


For Mechanical Strength Table Xi—Average Temperature Rise of 


Winding as a Fraction of Hot Spot Rise 


Wire Size AWG Gage Layer insulation, mils Margins at each end, in. 
Construction 


10-16 
17-19 
20-21 
22-24 
25-27 
28-31 
32-33 
34-38 
39-41 
42~44 


Compound Filled Oil filled 


aNowanaooo 


Table Xll—Constants for Rectifier Transformers and Circuits 


Type of Rectifier 
Full-Wave Bridge 
No filter Filter* No filter 


Average dc load voltage, volts. . 

Average dc load current, amp. 

Average dc volt-amperes. 

Sec rms voltage (per leg If center tapped), volts 
Pri rms voltage, volts 

Sec rms current, amp 

Pri rms current, amp. 

Sec volt-amperes, rme (both legs where center tapped 
Primary volt-amperes, rms 

Average volt-amperes, rms 

Ratio, Sec VA to Primary VA (rms) 


eh et eth et et et et ot ot 


“Infinite inductance input filter. 
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STEP-BY-STEP DESIGN PROCEDURE (Continued) 














eal 
Step N Design equations Legend, remarks, notes 
31 D O..,, = 0.1 assumed value + 0.9 calculated value. 
‘Temperature Gradient Across Impregant, 0m; 
Compound-Filled Transformers 
(W " VV F mp, correlation factor, usually 1.75; Min,, average com- 
31 E Oins PF cvs 8 ) iat r 


Ae) ne 


| Scase =H | Seeans 
\ iar \ 4a 
Scase, Surface area of case, (sq in.). (Calculate from case size, 
excluding the mounting area, generally the bottom). 
Strans, Surface area of core and coil equal to S, + S; (Steps 21 
and 15). 
A imp, average compound area, 1% (Scase + Strans)- 
kK, Compound conductivity (Table IX). 


pound thickness (in.) 





Encapsulated ‘Transformers 





‘Transformers sealed in plastic compounds are in the seme class as compound filled units. If the final shape is rectangular, an 
P ims 1.75 applies. If the transformer is coated with a uniform thickness of plastic, Fimp = 1.0 and_m equals the actual thick- 


ness of encapsulating materials 





Oil-Filled Transformers 























31 I 0 kK (W. + W,) Oimp, Oil temperature gradient from transformer surface to case 
surface, deg C; K and n, constants found by test on the partic- 
ular oil used. Number 10 C insulating oil can use equation: 

ee ee = 
Oinp = 130 Mime cw. + wyyo-78 
hie, 
Coil Hot Spot Gradient 
| - ©6,, temperature rise from transformer surface to coil hot spot, 
31 G | O) BF, W- deg C; F;,, r, y—(Table X); m, distance from coil surface to hot 
AS spot assumed to be 14 coil build; S., (Step 21); Ay, composite 
R+1 coil insulation conductivity (0.003 for varnish impregnated 
where A A, u ) layer coils); R, ratio of bare wire diameter to total insulation 
OR + 1 thickness per layer for the part of the coil being calculated. 
Average Winding Temperature, deg C 
31H ) Ao kK, (Table X1); 0,, (Step 31 G). 
Calculated Transformer Temperature, deg C 
1 I tsurt i O sur leurs, Average case surface temperature, deg C; 
fans fe 0 + O i, Ambient temperature, deg C. 
t Ours + 9 0 liraons, average core and coil surface temperature, deg C; 
l Osars 0 + © 


f,, coil hot spot temperature; t,, average winding temperature, 
deg C). 





Design Notes 


Filament Transformers. Normal type filament trans- 
formers are designed in accordance with the various steps 
outlined for the generalized design procedure. The term 
“normal type filament transformers” is used to distinguish 
between the conventional type filament transformers and 
the special current limiting and low capacitance types. 

Autotransformers. 
signed by means of the generalized design method without 


Autotransformers may be de- 


modification provided the autotransformer is converted 
to an equivalent two-winding transformer. The autotrans- 
former is converted to an equivalent two-winding trans- 
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former by first establishing the ratio n of output voltage 
to input voltage. 
Then the rating of the equivalent transformer is: 


W, equivalent transformer W oa 


where W’,, is the wattage rating of the autotransformer. 
Rectified Output and No Unbalanced D-C. Such 
transformers are used in either full-wave or bridge cir- 
cuits. It is important that the type of rectifier and type 
of filter be known because of the affect on the design 
parameters. The design procedure is in accordance with 


(Continued on page 334) 
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Plastics Division 
Monsanto CHEMICAI 
Springfield, Mass 


COMPANY 


Polyvinyl Chioride 
for Molded Parts 


Known best as wire and cable insulation and jacketing, PVC 


compounds also have some outstanding properties: for 


injection-molded parts in appliances and other electrically 


operated products. In this discussion, electrical 


and physical properties, as well as molding considerations. 


are reviewed from a design-engineering standpoint. 


POLYVINYL CHLORIDE MATERIALS are both familiar and 
important in the design engineering of electrically oper- 
ated equipment and appliances as wire and cable insula- 
tion and jacketing. The use of PVC plastics for molded 
parts is less well known. Yet, there are a number of design 
requirements for which PVC provides a unique combina- 
tion of characteristics. Statistically, the record shows that 
some six million pounds of PVC are injection molded 
annually. 

Results of various physical and electrical laboratory 
tests are cited in the various tabulations appended to this 
discussion. Properties so defined are useful as guides, but 
engineering know-how and judgment as well as specifi 
performance testing, simulating as closely as possible the 
actual condition of use, often are required before final 
selection of an engineering material can be made. When 
the simpler laboratory tests correlate with these, they 
serve as good quality control media. The most difficult 
properties to measure are those associated with aging 
under various conditions of exposure, since accelerated 
tests cannot be expected to predict accurately the actual 
conditions in all cases. Experience. as always. is the best 
teacher. 


Physical Properties 


Almost any degree of flexibility can be obtained as 
measured by stress-strain properties. Although very cold 
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temperatures tend to limit PVC performance, compounds 
can be designed to withstand bending at low temperatures. 
when this property is required, Flexing life is very good 
at normal temperatures. 

Cushioning power, soft or hard feel, resistance to 
indentation or deformation, recovery from deformation 
are other elastomer properties which can be tailor-made 

Resistance to breakage, rupture or tearing also can be 
varied considerably. High quality PVC compounds are 
very strong. as can be seen in Tables I and Il, where 
tensile test results are shown. 

PVC is long wearing, showing outstanding abrasion 
and scuff resistance. This property is difficult to meas- 
ure reproducibly by any test method, but service experi- 
ence has proved this fact. 
be held 
for most elastomeric applications. Mold shrinkage  be- 
tween 1.0 and 3.0 per cent is normal for small pieces such 


Dimensions can within reasonable tolerance 


as lamp cord plugs, handle grips, and vacuum cleanet 
parts, However, as the size of the piece increases. the 
percentage of shrinkage also increases, particularly in the 
heaviest cross-sections. The coefficient of thermal expan- 
sion, in the order of 3 10~° per deg F, although higher 
1X10-5), 
PVC materials for elastomeric use. 


than for metals (about does not disqualify 
Good resistance to oil, grease or to many chemicals 


can be built into PVC compounds. Vinyls are not attacked 
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Table I—Properties of Typical General-Purpose PVC Molding Compounds 























Compound ASTM 
Property A B C D Method 
Hardness, Shore Durometer ‘*A"’ 50 60 70 80 D-676 
Tensile strength, psi 1200 1600 1900 2800 D-412 
Modulus at 100 per cent elongation, psi 350 550 700 1600 D-412 
Elongation at break, per cent 455 415 390 310 D-412 
Cold flex temperature, deg C -44 32 33 18 D-1043 
Specific gravity 1.38 1.29 1.27 1.29 D-792 
Comparative cost (price per Ib, truckloads) $.31 $.34 $2355 $.355 








Table ll—Properties of Typical PVC Compounds for Insulating Applications 














Property E 

Hardness, Durometer “*A" 70 
Tensile strength, psi 1600 
Modulus @ 100 per cent elongation, psi 630 
Elongation at break, per cent 430 
Cold flex temperature, deg C ~46 
Specific gravity 1.33 
Retention of elongation after 7 days in 

oven at deg C shown, per cent — 
D-c volume resistivity @ 50 C, ohm-cm. 9.510!" 
Dielectric strength, vpm on #14 wire, 

Ing in. wall = 
Dielectric constant, 1 mc 4.18 
Dissipation factor, 1 mc 0.1600 
Loss factor, 1 mc 0.6688 


Description 


Scft, medium 


Compound 
ASTM 
F G H Method 
80 89 95 D-576 
2500 2600 2800 D-412 
1200 1600 2100 D-412 
360 310 320 D-412 
18 20 8 D-1043 
1.39 1.37 1.38 D-792 
80(@100° 98@100 86 136 UL Std. 
1.510! 11018 2.4x<10!2 | D-257 
800 800 800 UL Std. 
3.63 3.37 3.46 D-150 
0.0886 0.0795 0.0661 C-:50 
0.3216 0.2679 0.2287 D-150 


medium soft, mediumhard, | Hard, low 


filled,noclay medium filled, medium filled, filler, high 








Comparative cost, (price per Ib, truckloads) $.305 


UL Class 11 medium high | temperature 
temperature 105 C 
$.290 $.295 $.435 





by dilute acids, alkalies and alcohols. but are soluble 
in aromatic hydrocarbons, esters and ethers, as well as 
ketones. Aliphatic hydrocarbons extract plasticizers and 
stiffen compounds in varying degrees depending upon the 
formula and other conditions. 

Use of general-purpose PVC at temperatures up to 140 
F (about 60 C) is not unusual. When properly com- 
pounded, higher temperatures can be withstood. Some 
compounds have Underwriter Laboratories’ approval for 
use at temperatures up to 105 C. Use at higher tempera- 
tures than this is not generally recommended. 

PVC, properly compounded, stands up well under 
normal weather conditions. This is well known from field 
experience with wire and cable insulation. Oxygen and 
ozone do not etch or crack the surface. and ultraviolet 
light is resisted by stabilizers and light screening agents 
added for this purpose. 

PVC resists heat transfer. It is neither very cold not 
very hot to the hand in the sense that a metal would be 
at the same temperature. Its coefficient of thermal con- 
ductivity is in the order of 1 BTU/hr/sq ft/deg F/in. 

Maintenance is simple and easy. Colors do not chip off 
or wear off, since they are integrally compounded. Sur- 
faces stay smooth and can be wiped clean with a damp 
cloth. The color range of PVC provides an effective 
sales appeal. Molded parts can be glass-clear or colored 
almost any color. transparent. translucent or opaque. in 
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bright tones or subdued pastels. High gloss or luster, or 
a dull matté, embossed or textured finish can be provided. 
The surface is smooth and pleasant-feeling to the hand. 


Electrical Properties 


As already noted, by far the largest volume of PVC 
produced today goes into the wire and cable insulating 
and jacketing field. Figure 1 shows the adverse effect of 
temperature on volume resistivity of PVC, but even at 
high temperatures excellent insulating ability still exists. 
Dielectric constant. dissipation factor and loss factor are 
charted at various frequencies in Figs. 2, 3 and 4. Corona 
resistance has proven superior to many other materials for 
high-frequency applications. Resistance to ozone helps in 
this respect. 


Molding Considerations 


How a plastics material molds and what economics are 
involved in the molding process, are basic considerations 
in design, whether the molding is done on a custom basis 
the equipment manufacturer himself. On both 
points, the PVC materials show certain advantages. 


or by 


For example, because of superior strength to rubber 
compounds of equivalent cost. thinner cross sections are 
possible, permitting sharper and deeper undercuts in 
molding. for snap-on fits. 
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Resistivity, ohm-cm 





4x 10'4 


1x 10° 


1x 10" 


1x 10° 




















10 20 30 40 50 60 70 80 90 
Temperature, deg C 


FIG. | 


Here are some of the reasons why PVC may be 
preferred: 

The cycle is very short, less than a minute for small 
pieces. Pieces can be taken from the mold still warm and 
yet not lose their shape. No long cure of 10 to 30 min 
is required. 

PVC can be injection molded, and hence there is little 
trimming required compared with competitive 
elastomeric items of similar design which must be com- 
pression molded 


some 


The experience and know-how required to tailor-make 
PVC compounds are relatively simple and easy to acquire. 
Custom molders thus can both save money and meet 
special requirements by blending their own formulas. 
It is also the reason why vertical integration is fairly 
easy in this field, so that many appliance and other 
equipment manufacturers mold their own PVC_ parts 
instead of buying them. One of the largest vacuum cleaner 
manufacturers, the Hoover Company. has found it most 
economical to mix and mold its own PVC compounds. 

The cost of molding a typical one-ounce piece such as 
a handgrip might be figured as follows: 


\ machine rated at 8-0z capacity for styrene or acetate 
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7.00 


5.00 





Dielectric constant 


4.00 








10 10? 10° 10% 10° ~ 108 10? ~—- 108 
Frequency, cps 


FIG. 2 


Fig. 1—Effect of temperature increase on d-c volume resistivity 


of four polyvinyl chloride compounds used principally for 
insulating applications. Fig. 2—Effect of frequency on the 
dielectric constant of the four PVC compounds. Fig. 3-—Effect 
of frequency on the dissipation factor. Fig. 4——Effect of fre- 
quency on the loss factor. 


might be expected to produce four l-oz pieces of viny] 
(unless an oversize heating cylinder is installed to increase 
the plasticizing capacity adequately). The cost of oper- 
ating such a machine, including labor, maintenance, 
overhead, depreciation on machine and mold will vary. 
but for the sake of a starting point, let’s assign a figure 
of $6.00 per machine hour. Of course, the length of the 
run. the cost of the mold and the number of pieces a 
mold makes before it becomes obsolete (which could be 
after one job) make a difference, and these figures are 
typical rather than specific. Even a relatively simple mold 
for an 8-oz machine will cost several thousands of dollars. 
With a 30-sec cycle, conservatively allowing 15 per cent 
for down time, rejections, etc., production could net 400 
good pieces per hour, or 25 |b/hr. Scrap is reground 
except for small loss factor. 
Fictitious cost estimates 


306 compound Ie compound 


Cost/hr material $7.50 $8.75 
Cost/hr conversion 6.00 6.00 
Cost of 400 pieces 13.50 14.75 
Cost per piece, approx, 31 Oo B46 


\ rule-of-thumb sometimes used in rough cost esti- 
mating for injection-molded thermoplastics is to use 1! 
the material cost as a base figure on which to add mark- 
up. The figures above are slightly more conservative. 


Molding Techniques 

Another advantage is that existing molding equipment. 
such as the injection-molding presses used in molding 
styrene. can be used for PVC with similar techniques. 
The cylinder temperature for PVC is controlled within a 
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Dissipation factor 
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Frequency, cps 


FIG. 3 


narrow range at an appropriate level between 300 F and 
100 F. depending upon the job, instead of 300 F to 650 
F as for styrenes. 

Since heat transfer is slow with PVC. considerable 
frictional working is necessary in order to completely 
mollify or “plasticize” the molding compound for smooth, 
uniform flow into all parts of the mold. This is in addi- 
tion to the effect of electrical or oil heat applied to the 
cylinder nozzle. Restrictions such as sleeves drilled in the 
spreader through which stock is forced. and a 14 in. 
breaker plate or screen, with 0.050 in drilled-in holes. 
placed just before the nozzle inlet are helpful in this 
respect. Pinpoint gating and other special gating arrange- 
ments have been devised to furnish a temperature boost 
to the material just before entering the mold. Monsanto 
has developed a special adjustable nozzle insert which 
permits control or restriction to fit the particular job 
without compromising streamlining of flow. 

The mold can consist of a single cavity or several, but 
the capacity of the heating cylinder is the chief limitation 
on the size of each shot. Generally, a machine will pro- 
duce better results if less volume is molded per shot 
than with a non-elastomeric plastics such as_ styrene. 
It is customary to figure mold capacity at 40-60 per cent 
of rated machine capacity. Controlled heating of the mold 
is advantageous. particularly with large pieces or thick 
cross sections. However, an essential feature of the process 
is that hot plastic (about 360-390 F) is shot into a rela- 
tively cold mold (130-150 F). The plastic sets very 
rapidly and can be removed from the mold still warm. 
with minimum cooling required, without fear of distorting 
the pieces. Cycles depend, of course. upon the size and 
thickness of the shot. but cycles of less than 1 min are 
fairly general. 


Formulating the Compound 


It is obvious that PVC formulating for specific end 
uses or to meet particular specifications must be done 
with caution and not without proper experience and 
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FIG. 4 


evaluation work. A designer who wants to take advantage 
of the flexibility, colorability, beauty, hand-feel, ozone- 
resistance, excellent physical properties and superior 
electrical insulating characteristics of PVC, as well as the 
easy processability into almost any shape desired, should 
not specify an impossible combination of characteristics. 
As with rubber. or even with metal alloys, there is an 
optimum set of properties which can be obtained. 
The price/quality relationship should be carefully con- 
sidered in comparison with competitive products before 
the decision is made to put a particular material in the 
blueprint. Some special consideration will now be dis- 
cussed : 

Compound formulations for injection molding and for 
extrusion are similar. Polyvinyl chloride resin as base 
makes up only about 60-80 per cent of a typical elas- 
tomeric compound, since by itself PVC would produce 
a rigid product. Plasticizers such as dioctyl phthalate. 
tricresyl phosphate. dioctyl adipate, and other long 
straight chain or branched molecule esters, are used to 
provide the desired flexibility and softness. A plasticizer is 
not a solvent in the same sense as we think ef alcohols or 
hydrocarbons which volatize easily at low temperatures. 
The molecules of plasticizers become intermingled with 
those of resin and serve as separators or cushions, per- 
mitting easier bending, twisting and stretching, elimi- 
nating brittleness. except at very low temperatures when 
molecular movement is limited. 

This flexibilizing effect depends not only upon the 
amount of plasticizer, but the type. For example, plasti- 
cizers based on fatty acids, such as adipates, sebacates 
and azelates. are considered as “cold-temperature’’ plasti- 
cizer, since flexibility is retained at lower temperatures. 
Since this is a physical mixture we are describing, it is 
very important that materials be selected which will not 
“come apart” or mutually repel each other. Plasticizers 
which will not volatilize at low temperatures and which 
are compatible with the resin or with each other must 
be used. 
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Test formula 

PVC resin 100 
Filler 25 
Stabilizer 2 
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Hardness , Shore A Durometer 


80 


70 


60 
0 20 40 60 80 100 
Parts diocty! phthalate per 100 of resin 
FIG. 5 
Fig. 5—-Effeet of plasticizers on the physical properties of typical PVE 


trequently, one property must be compromised to build 
up another one which is more essential to the end-use 
requirements. Cold-temperature plasticizers like — the 
adipates are more volatile at elevated temperatures than 
are the phthalates and phosphates, generally speaking. 
Polymeric plasticizers, though more expensive. give added 
permanence where required under special conditions of 
use, as in contact with lacquers, varnishes or styrene. 

Electrical characteristics are also effected by plasticizers. 
Phthalates again have proven highly successful in this 
respect. However, there is the matter of cost to be con- 
sidered, and several less expensive “extender” plasticizers 
derived from oil products have been formed which per- 
form well in electrical uses, but which generally speaking. 
do not have as good permanence, color or stability as 
do the “primary” plasticizers. Some idea of the effect of 
plasticizer quantity on the physical properties of a PV( 
compound can be obtained from Fig. 5 which shows how 
tensile strength and hardness decrease, and stretchability. 
or elongation, increases with increased plasticizer content. 

To further reduce cost, finely divided fillers such as 
calcium carbonates and silicate clays, are added. These 
materials, when added in proportions exceeding 10 per 
cent of the resin, tend to detract from the physical 
properties of the compound, since they are inert and 
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Test formula 
PVC resin 100 
Plasticizer 50 
Stabilizer 3 





Calcium carbonate 





2500 


Tensile strength, psi 


Calcium cerbonote 


Shore ‘A’ Durometer 
oo 
oO 


3, 


85 


Hardnes 


er 
SoU 





0 25 50 75 aia 
Ports filler per 100 parts PVC resin 


FIG. 6 


compound. Fig. 6 Effect of fillers 


physically separate the resin paiticies from each other 
for many uses, however, filler concentration up to 60 
parts per LOO of resin can be tolerated. 

Figure 6 shows the effect of some fillers on tensile 
properties. Notice that the first’ ten parts of calciun 
carbonate seem to improve tensile strength, but that the 
curve falls off rapidly with further addition. Certain grades 
of clay improve electrical insulation, hence formulas for 
primary insulation nearly always contain at least six parts 
of it per hundred parts of resin. 

Interestingly, fillers have a relatively small etlect upon 
the hardness of PVC. For example, 50 parts of calcium 
carbonate raises the hardness only 5 on the shore “A 
scale. A reduction of about 10 parts of plasticizer would 
accomplish this same change. 

Pigments used for coloring act similarly to fillers. High 
proportions of titanium dioxide or carbon black. up te 
10 parts, give added light stability, since they are ex- 
cellent Most 


ultraviolet light screeners. 


used in smaller proportions, however, to achieve the 


desired color of the product and because of cost con- 
siderations. Iron oxide pigments must be used sparingly, 
PVC to 


decomposition 


breakdown. of form 
Such 


darkens and stiffens the plastic. Carbon black in excess 


because iron promotes 


hydrochloric acid and_= carbon. 
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pigments are 
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mm 


ttl 
nt 
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of 5 parts will adversely affect the insulation character 
istics of the compound. 

A fourth and highly essential type of ingredient is 
the stabilizer system which guards against decomposition 
of the resin and of the plasticizer both during the pro- 
cessing at high temperatures and later when exposed 
during usage to conditions of heat or light. There are 
many classes of such stabilizers and, again, compromise 
is sometimes necessary to achieve optimum overall. re- 
sults. 

Lead stabilizers such as basic salts of lead. are generally 
most effective both for heat and light, but when a com- 
pound is to be used in contact with food or other sub- 
stances which might leach out lead, they are not advised. 
Also. sulfur, as from contact with eggs or rubber, o1 
sulfur black: 


hence, kitchen appliances generally therefore do not use 


fumes, will stain the plastic brown or 


lead-stabilized compounds. Organic salts of barium are 
usually nonstaining. Calcium stearate and calcium ethyl 
aceto acetate are nontoxic-type stabilizers. The epoxy-type 
plasticizer, Paraplex G-00, has considerable stabilizing 
ability and has recently received government approval 
for use in nontoxic compounds. Tin, cadmium and other 
combinations of barium and cadmium are also successful 
stabilizers, though not considered nontoxic for food 
contact. 

In order to obtain clear or translucent’ compounds. 
opaque lead salts must generally be avoided. However. 
one or two lead silicates are only slightly cloudy in thin 
cross sections. 

The last major type of raw material for PVC com- 
pounds is the lubricant, which promotes easier flow 
characteristics during extrusion or molding and_ also 
reduces possible tendencies of unfilled or lightly filled 
compounds to stick together or “block.” Stearates, stearic 
acid, mineral oils and waxes are all successfully used to 
achieve these ends. Excessive use of such ingredients is 
more troublesome than using none at all, however. since 
internal friction is required to plasticize the compound 
during molding or extrusion. and the excess lubricant 
may tend to “bloom” or come to the surface of the molded 
part. 


Applications 


What kind of products successfully use molded PVC? 
\ good example is the vacuum cleaner, nearly all the 
major manufacturers of which have used PVC to take 
advantage of certain desirable properties. Figures 7 and 8 
show some of the many parts molded by the Hoovei 
Company for their machines and by the Hungerford 
Plastics Company for the General Electric Company 
and Lewyt Company products. 

Bumper strips, brush guards, gaskets, adaptors and 
handles make use of the softness and flexibility of vinyl. 
together with great resistance to abrasion and ozone. 
These parts are less apt to scratch or mar furnishings 
than are rigid plastics or metal parts. Above all. they have 
appearance appeal, are easy to clean and maintain and 
pleasant to feel. as well as are durable in performing their 
function. 

These pieces are typical of many used in other ap- 
pliances or equipment. Snap-on fittings of various types 
for handles, abrasion-resistant covers such as for wall 
fittings or floor fans, lever or handle coverings or grips, 
washers. gaskets, grommets. adaptors. sleeves. tubes. 
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Fig. 7—Vacuum 


cleaner parts 
molded by the Hoover Company, 
North Canton, Ohio, for their own 
vacum cleaner lines. 





Fig. 8—Vacuum 


molded by 


cleaner — parts 
Hungerford Plastics 

various appliance 
manufacturers. Note details such 
as flexibility and undercuts. 


Company for 


scuff 


covers. 


plates, corrosion-resisting coverings, foot-pedal 

In many cases PVC is selected for its combination of 
flexibility and electrical insulating characteristics. A good 
example is the television yoke insulator pictured in Fig. 
9. This is molded for some of the largest electronic 
equipment producers by Hungerford Plastics Company. 
American Molded Products, Springfield Moulders, Frank- 
lin Plastics, Albert Zollinger, Inc., American Insulator 
Company and Lurie Plastics. 

These pieces combine the necessary flexibility for ease 
of assembly with the required corona resistance and 
insulating ability. A high-temperature type (105 C) 
compound is used, made with plasticizers of high perma- 
nence and with the best available heat stabilizer system. 
since these parts are in continuous contact with hot 
television tubes. 


Another electrical application is for automotive distri- 








Fig. 9—Television yoke assembly and PVC insulating sleeve 
parts. PVC parts are molded by concerns such as Hungerford 
Plastics, Springfield Moulders, Franklin Plasties, American 
Molded Products, Albert Zollinger, American Insulated Prod- 
ucts and Lurie Plastics for various component and TV manu- 
facturers, such as F. W. Sickles Company of Chicopee, Mass., 
whose product is shown here. 


bution nipples, as shown in Fig. 10, molded by the 
Electric Auto-Lite Company. These parts are resistant to 
oil and grease, as well as ozone and the heat fumes of the 
engines. Insulation and adequate corona resistance are 
again important, as are flexibility and softness so that 
wiring will not be damaged. Moisture resistance is also an 
advantage here. 

Perhaps more PVC is molded into portable electrical 
cord plugs than into any other product. This is an ideal 
application, since the flexibility and softness of the plug 
prevents easy breakage when dropped or twisted and 
also protects the wires from damage when pulled or bent 
at right angles to the plug. These plugs are usually 
molded right around the metal inserts and wiring to form 
a safe, closed unit with contacts permanently separated 


Fig. 10 (below)—Automotive 
distributor nipples molded by 


Electric Auto-Lite Company. 


Fig. 11 (right)—Battery clip 
sleeves and timing light attach- 
ments molded for Heyer Prod- 
ucts Company by Hungerford 
Plastics. 


by insulating plastic. A similar use is for battery clip and 
portable light socket protectors. PVC covers as shown in 
Fig. 11 are molded by Hungerford Plastics for this 
purpose. 

These then are just a few of the almost limitless uses 
which can be made of this very versatile plastics material 
which can be molded into almost any color or shape, or 
degree of flexibility or hardness, under relatively simple 
processing conditions. The recent drop of 18 per cent in 
the price of PVC resin also makes the cost picture more 


favorable in comparison with competitive elastomeric 


ee 


materials. | 
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WHAT ARE THE TRENDS? 


Greater Drive-Motor Horsepower for 
deeper, faster cuts 


Individual Motor Drives for Acces- 
sories, freeing the drive motor for 
more work 


Digital Controls for more flexible pro- 
gramming 


More Adjustable-Speed Drives to adapt 
machines to wide variety of jobs 


Self-Checking Circuits for speedy 
trouble-shooting 


Feedback Gage Controls to improve 
machine accuracy 


Smaller Control Cabinets made pos- 
sible by miniature relays and mag- 
netic decision elements 


Toggle-Switch Program Panels to pro- 
vide choice of several built-in con- 
trol cycles 


STAFF REPORT 


Trends in 


Machinery 
Electrification 


Increased motor horsepower  outranks 
automation as the design highlight of the 
1955 Machine Tool Show. Exposition also 
revealed such growth in automatic con- 
trols that design engineers are beginning 
lo fret about the bulk of control cabinets. 
Digital systems and feedback gage con- 


trols were almost commonplace. 


FOR THE ENGINEER CONCERNED WITH the electrical content 
of machines and equipment, the 1955 Machine Tool Show 
had special significance. He had the opportunity at last to 
make a first-hand appraisal of trends and movements in 
electrical drives and controls: to determine for himself 
whether or not his own design efforts were in tune with 
the times. While the eight-year period since the last such 
show was certainly a time of tremendous achievements in 
equipment design, it was difficult heretofore to know the 
exact bounds of these achievements and what contributed 
to them. The show presented to the engineer a picture of 
the present state of machine tool technology that was 
truer than anything drawn from the sometimes biased 
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reports of professional and amateur observers. 

The 1955 Show revealed that progress in machine tool 
design was greatest in three areas: motorization. control 
and automation. It was an established axiom for the past 
several years that machine tool production rates had been 
stepped up. But, almost invariably, automation has been 
credited for the rise. It borders on the amazing, therefore. 
to find that the largest single factor responsible for faster 
production is the increased horsepower of the drive 
motors. The automation or automatic work handling 
accessory gets the material into and out of the machine 
faster, of course, but it is the horsepower rating of the 
drive motor and the accompanying “beefed-up” machine 
design that sets the production rate. An excellent example 





of this was found in the Besly No. 240 grinder foc 
machining piston rings at the rate of 500 per minute. 
Receiving the greatest attention at the Besly display was 
an ingenious magnetic feeder for speeding the rough 
parts into the grinder. But hidden away within the shell 
of the machine were the two 40-hp motors that furnished 
the power for the fast grind. 

Almost every exhibit gave testimony to the trend of 
increasing horsepower. Redesigned equipment invariably 
featured more horsepower than its predecessor. Evidence 
could be found, too, in the operation of the machines. 
High metal removal rates and thick, wide chips were the 
rule. Even a dramatic statistic of the exposition itself 
attested to the larger size of motors. The total connected 


IN-PROCESS GAGING. In the development of in-process feedback gaging. 
the efforts are logically being concentrated on the machining processes that 
lend themselves to such control. One example of the latter is grinding 
where it is a relatively simple matter to arrange a gaging system to stop 
work on a piece when the spe-ified dimensions are attained. In the Mattison 
No. 24 rotary surface grinder, high production is achieved by the use of 
automatic cycling of the entire machining operation. All steps are elec- 
trically controlled by limit switches and timers to insure proper sequencing. 
Closer tolerances are provided by means of an air gage and pressure 
switches actuated by a sizer button in contact with the workpiece. When 
the air gage registers the proper size, the grinding wheel is immediately 
raised. It can be seen that this new system does not have the limitation of 
conventional controls which are triggered by preset stops. The latter are 
subject to inaccuracies caused by wheel wear. Pictured above are the gage. 





erinding wheel. 





INDIVIDUAL MOTOR DRIVES. Machine tool electri- 
fication is well along in another stage of its develop- 
ment. This concerns the use of individual motors to 
power the various machine functions, rather than 
coupling all movements to a single motor. This trend 
is not exactly new. but the Machine Tool Show served 
to make clear how widespread the practice had be- 
come. Ten or more motors are used on some large 
machines. Even smaller. toolroom equipment has been 
affected by the trend. On the Cincinnati No. 3 vertical 
milling machine pictured, three motors are now used: 
a 15-hp spindle drive; a 3-hp feed drive and a separate 
coolant motor. Benefits claimed are transmission ot 
full horsepower to the milling spindle, simplified 
maintenance and better matching of motor character- 
istics to the nature of individual loads. 


sizer button and magnetic rotary table which passes work under the 
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The increased horsepower of machine tools was not 
due solely to the larger drive motors. Contributing also 
was the practice of using many smaller motors on a single 
machine to power individually the auxiliary functions. 
such as feeding, ejection, clamping. tool traverse, etc. The 
rule now is to use the main drive motor in metal forming 
and removal only. The benefits of this approach are: 
better matching of motor characteristics to requirements 
of individual loads that can be obtained if one motor is 
used to power a variety of operations; elimination of the 
complex mechanical coupling needed between one motor 
and several loads; and greater freedom for the designe 


DECISION ELEMENTS REPLACE RELAYS. Actually 
we should say “magnetic decision elements” to prevent 
confusion, since relays are themselves decision ele- 


ments (electromechanical). A 


Model 


with the 


the end faces to provide accurate locating surfaces 
for subsequent operations. The Cypak system con- 


trols the following operations: 
l 
2—Automatic sizing. 
3—Automatic after-gaging. 
1—Automatic segregation of 
ing to the bore diameter. 
5—Automatic stone wear 


and _ visually 
abrasive in the tool. 
6—Automatic shut-down of 


if a predetermined 


within tolerances. 


load of the two exhibit areas was an astounding 16,000 


control 
porating the Westinghouse magnetic-amplifier Cypak 
system was a feature of the Micromatic Hone Cor- 
poration booth. The panel was used in conjunction 
738 Microhoner. This completely 
automated machine generates the bore square with 


—Automatic feeding and aligning of parts. 
SB oe] eS 


parts. As the 
leave the machine, they are segregated accord- 


indicator. This is elec- 
trically interlocked with the machine controls 
indicates the amount of 
machine. This occurs 
when the abrasive is completely worn down or 


number of parts are not 


ment. 


panel incor- 


parts 


usable 





BIGGER MOTORS FOR DEEPER 
CUTS. Everywhere the trend to ma- 
chine tools of greater horsepower was 
evident. In almost every case where 
a new model of an existing machine 
was offered, the drive motor was of 
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larger rating than its predecessor. A 
good example of the trend was the 
special 150-hp heavy-duty engine lathe 
seen above, manufactured by the R. K. 
LeBlond Machine Tool Company. This 
32-in. lathe incorporates a GE Speed 


in locating and arranging the mechanisms of the equip- 


Automation. The Machine Tool Show 
the frontiers of automatic work handling have been 


revealed that 


completely conquered. Displayed throughout the show 
were systems for feeding almost every conceivable form 
of small part into all the basic types of machine tools. 
These systems were applied both to individual machines 
(so called totebox-to-totebox automation) and to lines of 
machines (progress-through automation). Automation is 
now universally regarded by machine tool designers as a 
standard accessory. Several manufacturers reported that 
every machine in their line had been redesigned to be 
adaptable to automation. 


Oey lk elas ‘a 


150-hp a-e 
generator. The d-c 


Variator, consisting of a 


motor driving a 
output of the generator is controlled 
by a potentiometer on the control panel 
which varies the speed of the 125-hp 
d-c drive motor from a top speed of 
1380 rpm to as slow as 1/10 this speed. 
No clutch is used in the drive system 
so that slippage or chatter from this 
source is eliminated. The spindle is 
started and stopped by electronically 
controlled acceleration and braking of 
the drive motor. 

Speed is maintained by electronic 
feedback systems with less than 1 per 
cent variation when a full load is ap- 
plied. Capacity of the electrical drive 
equipment is sufficient to supply ample 
power under any condition. It can 
deliver 200-hp for fairly long periods 
of time and will supply up to 350 hp 
before quitting. 
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Developments in Control. Despite the controversy 
of just a couple of years ago, the industry appears to have 
embraced wholeheartedly the JIC Electrical Standards. 
Control panels designed to meet JIC recommendation 
were commonplace and at least a few manufacturers 
stated that they had adopted JIC construction on all of 
their equipment, regardless of the user for which it was 
intended. 

Indicative of the growth in the use of automatic controls 
was the size of the control cabinets associated with the 
various machines. In fact, several design engineers cited 
cabinet size as one of their current problems. Although 
work on this problem is still in the early stages, investi- 
gations into size reduction appear to be moving along two 


ELECTRONIC SIZE CONTROL. Wholly electrical in nature 
is the feedback gaging incorporated in the Model 7HD 
gear hobbing machine offered by the Lees-Bradner Company. 
The Airborne Instrument Laboratories Inc. developed the 
electronic checker which measures not only the pitch diame- 
ter of a gear. but also the root-fillet growth. An in-and-out 
mechanism regulates the depth of hob feed and. hence, 
pitch diameter. The in-and-out mechanism moves the hob 
slide into full depth against a positive micrometer stop. The 
ability to re-position this stop electrically makes feedback 
correction possible. A signal from the checker is used to 
control stop positioning by means of a_ solenoid-actuated 
pawl and ratchet. The minimum increment of adjustment 
is 0.00025 in. on the radius, or 0.0005 in. on the P.D. 

The hob is moved a pre-determined amount at each shift, 
by means of a worm wheel, ratchet and ratchet wheel. 
driven by an electric motor. A mechanical stop closes a limit 
switch, reversing the motor and returning the pawl to its 
original position. Without the checker control, axial hob 
shift is determined by an electrical counter, set by the opera- 
tor to shift after a pre-determined number of gears have been 
hobbed. With the checker, an increase in the root fillet 
build-up determines when the hob is to be shifted. While 
the hob is actually cutting, the machine will not accept 
signals from the checker to either correct for pitch diameter 
or shift the hob. Such signals are, therefore. held by the 
checker until the hob is out of the cut and then sent to the 
machine. When adjustments have been made. the machine 





paths. Most effective from the standpoint of dimensions 1s 
the use of miniature relays. Three firms had cabinets 
incorporating such components on display. The results 
were impressive. 

The second approach involves the use of magnetic 
amplifier-type decision elements, notably the Westing- 
house Cypak development. Four Cypak control panels 
were seen at the exposition. While providing some relief 
for the size situation, the magnetic-amplifier panels were 
not so successful in this regard as the miniature relays. 
However. the Cypak panels did have the great advantage 
of being completely static and, hence, comparatively free 
from service difficulties. It will take some time to evaluate 
the effects that the newer systems will have on the 





advises the checker that the adjustment has been made and 
the signal is then dropped. 

\ typical checking procedure would be to adjust for pitch 
diameter only after successive passage of three gears out- 
side required pitch tolerance. The machine would be stopped 
if ten gears exceeding tolerance limits are produced. The 
in-and-out increment adjustment is set at 0.0005 in.. an 
amount that keeps the machine within production tolerances. 
vet prevents hunting caused by random variations. The hob 
is shifted after passage of two gears having fillets beyond 
established limit and. again. the machine is stopped if ten 
gears having excessive build-up pass. 


PUNCHED-CARD CONTROL. With considerable experience on numerical 
and tracer controls now behind them, machine tool designers seemed to 
have a clearer picture of just where each type will fit A case in point is 
the Sundstrand Model 14 Single-Point Production Lathe. pictured. The 
General Electric Numerical Positioning Control (NPC) used with the 
machine is designed primarily for parallel motions as involved in step-shaft 
turning. When tapers or curves are required. an insert cam can be applied 
to obtain this portion of the cut. If it were attempted to extend numerical 
control to this type of cut, the complexity (and cost) of the equipment 
would be considerably greater. 

The punch card control system is very simple in preparation and uses 


a minimum amount of equipment. The numerical data to be applied to the 
machining of the part is taken directly from the engineering drawing. The 
numerical dimensions are punched in standard business machine cards 
with a standard key punch. These cards are then fed into a modified card 
reader which reads the cards and feeds the electrical signals into a machine 
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established applications of conventional machine tool 
relays. 

In general, automatic control systems are “custom- 
made” since the design of each type of machine tool has 
some unique basic objective and individual firms have 
their own methods for achieving these aims. It is, there- 
fore, difficult to pinpoint progress in automatic control 
except to say merely that “machines are getting more 
automatic.” However. the show did reveal two areas of 
control about which generalizations may be made. 

First, machine tool designers are expending great 
efforts in increasing the flexibility of machine tools. The 
fact that a machine is automatic implies that it has been 
provided with some type of programmer. Flexibility 





control unit. The machine control unit accepts the signals from the reader, 
and controls all movements and functions of the machine. The cards can be 
punched to control automatic loading and unloading. gaging and chip 
removal units when the machine is equipped with this type of equipment. 

\ distinct advantage of this system is the ease with which corrections can 
he made to compensate for deflections in the work part. If the correct size 
is not obtained as indicated on the card, the operator can punch a new 
card with the proper number of digits, plus or minus, as required. The 
electrical feedback systems for vertical slide motion checks the diameter 
to 0.0005 in. The longitudinal motion or length of feed stroke is checked 


to 0.005 in. 
length is required. 


Totally enclosed d-c motors 4% to 14% hp. drive the slides. The carriage 


Shoulder facing tools can be used when greater accuracy in 


is obtained when this programmer is made so that it can 
be changed conveniently to convert the machine to a new 
mode of operation. A simple means for achieving 
program flexibility is the use of devices based on ad- 
justable drum cams. Such devices were seen frequently. 
Somewhat more unique is the toggle-switch panel-boards 
adopted by Gisholt and Warner & Swasey. These machines 
have several programs designed into them so that the 
operator can select a particular cycle of operations by 
throwing the switches in an appropriate pattern. 

It was of great interest to note that numerical pro- 
gramming and positioning have become established tech- 
niques in machine tool design. There were numerous 
applications of these at the show. which may have 


PUNCHED-TAPE POSITIONING. 
(Another version of digital positioning 
control was exhibited by Arter Grinding 
Machine Company. Intended for use in 
manipulating workpieces under radial 
drilling heads, the Jigmatic consists of 
a rectangular table, with a capacity of 
20 x 30 in., mounted on a compound 
slide having two sets of ways at 90 deg 
to each other. This table can be mounted 
on the bed of almost all 4-ft and larger 
radial drills. 

The table is controlled by a tape 
reader housed in a console. This con- 
sole can be located at any convenient 
position relative to the table since it 
is connected to the table only by elec- 
trical leads. The punched tape is pre- 
pared on a templet-type hand punch 
from the engineering drawings. It is 
not necessary to code or convert this 
information in any way before punch- 
ing. All hole locations are referenced 
from X and Y coordinate axes and it is 
only necessary that the work piece be 
located on the table in proper relation 
to these axes. As many as 200 hole 
locations can be punched on one length 
of tape. The table can be moved in 
increments of 0.001 in. so that 20,000 
by 30,000 positions can be located. 

The table is driven by two standard 
l-hp, 3-phase electric motors through 
a system of gears and clutches. The 
table is positioned by two precision 
ground lead screws and the drive and 
control mechanism incorporates an 
automatic mechanism to provide final 
positioning in only one direction regard- 
less of the original direction of table 
travel. When in position the slides are 
securely locked by means of an electro- 
magnetic brake. The automatic control 
portion of the electrical panel uses plug- 
in type relays which can be readily re- 
moved for inspection or replacement. 


and feed-slide motors are supplied by amplidyne m-g sets. while a Thy- 


motrol drive powers the facing slide. 
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BORE SIZE 


surprised those who may have felt that previously re- 
ported developments in numerical control were of ques- 
tionable practicality. Punched card and tape systems offer 
the utmost in flexibility. 

The second generalization that can be made concerns 
the use of gaging. Gage-type controls were probably the 
most widely seen innovation at the show. Because of the 
many firms that either displayed gaging accessories or 
announced them as being available, there is clearly 
universal acceptance of the automatic gaging philosophy. 

The gaging installations seen were of two fundamental 
types: in-process and post-process. Where possible, the 
former is the preferred technique since measurements are 
made on the workpiece as it is machined. Theoretically 


2 


61315" 


perfect in-process gaging can eliminate rejects entirely, 
Such gaging is easily applied to a process such as grinding 
wherein continuous measurements are made until the re- 
quired amount of metal has been removed. Then, the 
grinding operation is stopped. 

Most of the gaging 


z z 


systems displayed were of the post- 
process variety in which rejects are unavoidable. The 
simplest post-process gaging merely gave a reading to 
indicate the dimensions of the finished part. In a more 
elaborate type of gaging 


z 


control, the parts were actually 
sorted into correct, over and under sizes. Some of these 
eave a signal to the operator or automatically shut down 
the machine when an excessive number of rejects ap- 
peared. While such systems were popular, there appeared 


OVER-AND-UNDER FEEDBACK. Some ot the 
feedback controls demonstrated at the 
were they could 
make adjustments to correct for either oversize 
or undersize. but not for both. The Model 170 
Size-Matic internal (left) by 
The Heald Machine Company, however, was an 


oace 
fage 


show one-way systems; 1.€., 


grinder made 
exception in that it was capable of two-way 
correction. This is a high-production machine 
for grinding an internal bore in valve tappet 
bodies. 

Parts are dumped into a vibrating hopper 
where they are automatically oriented and grav- 
ity fed through a tube into the loading chute. 
From the loading chute, a pivoted arm lowers 
the work automatically into the chuck 
it is clamped and located on the OD. Grinding 
and unloading are also fully automatic. result- 


where 


ing in a l6-sec cycle and total net production 
of 208 pieces per hour. 

The feedback system enables the machine to 
maintain high through 
out the longest production runs, without oper- 


consistently precision 
ator attention or off-size scrap parts. Tolerance- 
+0.00015 in. on bore size, 0.00005 in. 
imum out-of-roundness and 0.0001 in. maximum 


are may 


taper. After unloading, the finished parts roll 


down a chute to an air gaging station where 


they are automatically sorted for size. From 
the gaging station, an electrical signal is fed 
back to the size-controlling element—the dia- 


mond unit. Since this signal is arranged to ad- 
vance or retract the diamond by pulsing a sole- 
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noid coupled to a ratchet mechanism. bore size 
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to be a definite trend by the design engineers to adopt 
the feedback-type of end-process gage control. In this. 
not only are the parts measured and sorted, but when 
rejects appear, signals are sent back to adjust tool position 
and, thus, correct the cause of the reject. At least, half of 
the gage-control systems seen incorporated this feedback. 
Most of the systems were responsive only to fixed numbers 
of rejects. At least one, however, analyzed the rejects in 
terms of statistical quality control principles. This prac- 
tice has much to recommend it and probably will become 
the standard of design. 

One fact pertinent to control design that might be 
mentioned was the number of systems that were designed 
and constructed not by the machine-tool companies 





REDESIGNED PROGRAM DRUM. While numerical 


control was an outstanding attraction at the show, 


cam-and-limit switch programming remained very much 
Many machines featured adjustable 
drum cams for establishing operating cycles. One of 


in evidence. 


the most elaborate and successful of these is the 
Bullard Man-Au-Trol shown above. Originally de- 
signed to incorporate hydraulic valves, the controller 
is newly available as an all-electric device for use 
on vertical turret lathes equipped with compound feed 
shafts for vertical and horizontal movements of the 
tool heads. 

The function drum (uppermost) controls and initi- 
ates any function the machine is capable of perform- 
ing. It has 49 indexed positions, thereby providing 49 
possible changes of preselected operations in a match- 
ing cycle. Each successive drum index during a cycle 
positions a row of preset pins for engaging the re- 
quired functions. 

Of the two detector drums, bottom one controls 
the vertical motion, the other the horizontal motion 
of the head and initiates successive indexes of the 
function drum. Each drum has 49 adjustable rotary 
disks for controlling the length of head travel. Each 
disk has a switch trip dog spaced 180 deg from two V- 
notched grooves used to facilitate setting up. A 
sensitive micrometer adjustment of the switch is pro- 
vided for final setting and to compensate for tool wear. 
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themselves but by firms and departments that specialized 
in the field of controls. Affixed to some control cabinets 
were the nameplates of Machinery Electrification, Inc., 
G.E.’s Specialty Department; 
neering: the Director Systems Department of Westing- 
house; Electrical Division of W. F. and John Barnes Co.: 
\irborne Instruments Laboratory; Reeves Instrument Co. 


Control Barnes Engi- 


and others. It is difficult to describe the practice of using 
outside help in control design as a trend. However, such 
control firms do provide the benefits of specialized ex- 
perience, especially for the more complex types of con- 
trols, and of acting as an extension of the manufacturer’s 
own engineering department without involving long-term 


e* 


investment. 


BIG RELAYS Vs SMALL RELAYS Vs MAGNETIC 
AMPLIFIERS. From the standpoint of electrical con- 
trols, one of the finest displays at the show was that 
of the W. F. & John Barnes Company, Electrical 
Controls Division. This firm designed three different 
control panels for the same progress-through type of 
machine. The panels performed the same _ control 
functions, but in one conventional machine tool relays 
were incorporated: in the second, miniature-type re- 
lays: and in the third. the Westinghouse Cypak sys- 
tem was adapted. 

The conventional control for the machine used stand- 
ard relays and included an Electro-Graphic Detector 
(wired-in wiring diagram). Control enclosure meas- 
ured 64 in. wide x 78 in. high x 12 in. deep. The 
Cypak control constructed to operate the same section 
of machine measured 60 in. wide by 84 in. high by 
15 in. deep. The Electro-Graphic Detector can be 
applied to this type of control, but was not applied 
to the show unit because of the lack of construction 
time for installation. 

The miniature-relay control panel was composed 
of hermetically sealed. gas-filled, plug and socket 
mounted relays. with 5-amp contacts and 110-volt a-c 
coils. This type of control unit measured 36 in. wide 
by 84 in. high by 15 in. deep. A section of the latter 
control is pictured below. All three of these control 
units were designed to operate the same section ma- 
chine so that a comparison of the dimensions of the 
enclosure will give an idea of the space occupied 
by each type of control. 
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the turret head. 


of the job tooling. 
choice of operations for each of the six turret faces: 


Row 1: Spindle run continuously, spindle stop at the 
end of cutting stroke, spindle off. 

Row 2: High or low spindle motor speed. 

Row 3: High or low gear. 

Row 4: Spindle rotate forward or reverse during 


working stroke. 
Row 


as Spindle reverse or not reverse at end of 
working stroke. 


The second picture shows the mounting arrangement 
of Cypak elements and power amplifiers at the rear 
of the machine and on the inside of the cabinet doors. 
This arrangement holds down the size of the control 
cabinet without a sacrifice of accessibility of parts. 
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SWITCH PROGRAMMING. Above can be seen the 
control panel on the new Gisholt Masterline 2F Fast- 
ermatic automatic turret lathe. With this new aid to 
shortening fast, rapid change-over is 
accomplished in approximately one-half the previous 
time. Speeds, feeds and basic machine functions are 


set-up time, 


pre-selected by this conventional toggle switch arrange- 


TOGGLE-SWITCH SET-UP. To provide more flexibility than can be 
obtained from fixed-cycle machine tools, several firms developed controls 
that could be reprogrammed merely by throwing small switches. One 
of the most ingenious of these was used on the Warner & Swasey No. 1 
Electro-Cycle turret lathe. The Electro-Cycle set-up panel (seen at the 
right) permits the operator to preset the control of all of the functions 
of the spindle, which are therefore automatically controlled by the 
longitudinal position of the turret slide and the rotational position of 


The lathe is designed for turning small diameter bar stock. A set-up 
panel using toggle switches to feed information to the Westinghouse 
Cypak control system establishes spindle operations for each of six 
turret faces. With this arrangement, sketches of the panel arrangement 
for any application can be furnished to the machine operator as part 
With five rows of switches, there is the following 


















































ment. Six horizontal rows of simple toggle switches, 
one row for each hexagon turret face, are set to govern 
all machine functions. These functions include: selee- 
tion of spindle speeds; spindle stop or run; reverse 
traverse of the turret slide; hold (while turret facing 
slide is operating): dwell at end of feeding motion 
for cleaning up cut; instant return at end of turret 
travel: hold on any (useful 
when turret is double tooled or triple tooled). For 
each turret position, three switches control Warner 
clutches and brakes to provide work spindle speed 


changes or 


station for cycle. start 


stopping. Three switches control turret 
slide motion in and out through solenoid valves and 
associated relays (hydraulic slide actuation). Dwell 
at end of infeed is obtained by time delay relays. Feed 
rate (as distinguished points above) is 


from end 


governed mechanically by bar cams on slide tied to 
turret. 
Extra space is provided for additional rows of 
toggle switches which may be added when the machine 
is equipped with a lead screw for cutting threads, 
a two-speed motor and when reverse of motor is re- 
quired for tapping. Space is also provided for opera- 
tion of accessories which may be added to the machine. 
When setting-up on a new job, each switch is moved 
left or right to control each particular machine fune- 
tion. When the part run, a 
master reference card may be pulled from a permanent 
file and used to further cut set-up time. Other new 
features of this lathe include an improved headstock 
with brushless, disk electric clutch and brake which 
is enclosed within the headstock and runs in a con- 
tinuous bath of oil. The headstock has been rugged- 


ized to permit use of a 10-hp motor. 


has been previously 


ELECTRICAL MANUFACTURING 





j 
| 
j 
| 
| 
' 





AUTOMATIC NON-FEEDBACK GAGING. Certain ma- 
chining processes are not easily made self-correcting by 
means of feedback gage control. For the time being, at 
least, automatic checkers and sorters are the dominating 
means of automatic quality control for such processes. One 
development of this type displayed at the show was a new 
Red Ring Model GRD gear gaging and sorting machine, 
manufactured by National Broach & Machine Co. This ma- 
chine will check and sort small automotive automatic trans- 
mission helical pinions automatically for tooth size accuracy. 
While these automatic gages are designed to check a variety 
of gear-tooth dimensions in accordance with the needs of 
the application, the show display checked pinions for size 
only. Parts were sorted according to “Oversize,” “Undersize.” 
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number of successive rejects of a particular type will shut 
down the shaving machine or other type of gear cutting 
machine whose output is being checked. 

Referring to the sketch, the hinged doors are operated by 
solenoid controls. Movement of the gaging meter gear actu- 
ates Micro-Switch controls that determine which door should 
open. The gage illustrated shuts down a shaving machine 
if more than three successive rejects are passed through 
either of the two hinged doors. Counting is accomplished by 
stepping relays for each of the two rejects conditions. Thus, 
each time a door is opened, its relay counts. If the other 
door opens when one or two counts are registered within the 
stepping relay, the relay is released and starts counting 
again from zero. By this arrangement, the machine cutoff 


and O.K. readings. These gages are made so that a given switch is operated only after three successive rejects. 





REMOTE CONTROLS. With the larger machine tools, it 
is not always convenient for an operator to stand at a 
fixed location while the cut is being made. Movable 
pendant stations have been one means adopted by ma- 
chine tool designers to give the operator freedom of 
movement. 

7 The Lucas Machine Division of The New Britain 
Machine Co. developed the pendant station pictured for 
horizontal boring machines as a result of the trend 
toward larger equipment. The growth in size came about 
with greater use of fabricated units rather than small 
cast pieces separately machined and assembled. With 
conventional fixed-position controls, it was very often 
necessary to use two men on a single machine; one as an 
observer at the cutting position and the other at the 

control station. 

The new swing-about pendant control can be raised 
or lowered into a position convenient for the operator to 
observe his cutting operation and still control all machine 

functions. This pendant engages the feeds and rapid 
traverse of the units and also controls the direction of 
the spindle rotation. A further step was to incorporate 
in the pendant means for changing the rates of feed 
of the various units and the speed of the spindle. The 
speed changes on the machine are accomplished by the 
operation of two drum-type selectors which in turn 
operate combinations of air valves. These air valves 
control the position of the pistons in air cylinders. The 
piston rods of the air cylinders are connected to the 
shifting yokes of the gears to accomplish the various 
changes. The feed changes are made through a pushbutton 
in the pendant. Each operation of the pushbutton operates 
a single air valve to an air cylinder which cycles once 
to operate a rack and pinion controlling the feed change 
lever position. 
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REVERSING DRIVES. Visitors at the show 


about the innards of the machines on view saw multiplicity 


who probed 


of electric clutches. This has become one of the most 
widely used components for machine tools. One outstanding 
example of the usefulness of this device is the Model 
618-PF (above, left) precision surface grinder displayed 
by Reid Brothers Company, Inc. Dial controlled speed of 
the table is variable from 0 to 70 fpm in infinitely fine 
degrees. Table reversal is accomplished without reversing 
the driving motor. Cross-feed drive is dial controlled for 








Hand wheel clutch 





infinitely fine adjustments from 0.001 in to 7/32 in., and a 
selector switch controls cross-feed at either or both ends 
of the travel. In the design of the grinder, the problem of 
reversing the table at a speed higher than previously was 
encountered. The standard grinder made by this company 
for a number of years, has a reversing motor to accomplish 
this reversal of the table. However, in the older grinder 
the maximum table speed is only 38 ft per min. At any 
higher speeds the motor would heat up on “short-stroke” 
reversal. To obtain high speed reversing electrically, a 
variable speed unidirectional d-c motor is used to drive 
the table, and reversal is achieved by the use of two Warner 
MDO-30 oil type disk clutches. As shown in the schematic 
wiring diagram, the reversing switch merely selects one 
clutch or the other and through a parallel shaft transmis- 
sion. reversal of the table can be obtained. The end shock 
is absorbed by the overloading of the clutches, which slip. 
The overload torque is adjusted by a rheostat in the voltage 
circuit of the clutches. The variable speed d-c motor varies 
the linear speed of the table and by rotating unidirectionally, 
does not heat up. 


ELECTRICAL WEIGHING. An automatic piston bal- 
ancing machine displayed by the Morris Machine 
Tool Co. used an electrical scale to determine the 
amount of metal removal. The purpose of the machine 
is to mill pistons to correct weight by removing excess 
metal from pads located on the lower end of the 
piston. Pistons are fed to the machine by means of a 
chain conveyor to a stop which releases pistons in 
accordance with the cycle of the machine. The transfer 
mechanism transfers piston to a rotation platform at 
the electric eye station. The platform rotates until 
the wrist pin holes in the piston are in line with the 
photoelectric cell. The purpose of the photocell is to 
position the piston so that it can be guided into the 
remaining stations by the flats on each end of the 
wrist pin hole. The piston is then transferred to 
the weighing station where the amount of excess metal 
is determined. The predetermined area of the piston 
pads is used to calibrate the scale, therefore, the 
amount of overweight is automatically changed to a 
required depth of cut. This depth of cut is transferred 
mechanically to a cutter stop. The piston is transferred 
to the milling station where the excess meta! is re- 
moved, Then, the piston is transferred to the checking 
scale where the piston is checked for proper weight. 
Improper weight will stop the machine. 
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CIRCUIT CHECKING. Some progress was noted in provid- 
ing better means for troubleshooting in complex equipment. 
Maintenance of today’s machine tools have become a 
problem solely because of the great numbers and circuits 
and components involved. One aid in system analysis is 
Recorder left) 


the Shefheld Corporation. When connected into a complex 


the Sequence Timing (above. shown by 
circuit, this recorder provides a graphic record of when 
each significant operation occurs and the duration of that 
function. By utilizing information readily available in the 
electrical control circuit and wiring the contact points to 
an output plug, the sequence timing recorder may be 
plugged into the circuit during routine operation to produce 
a series of lines in accordance with the behavior of the 
system. The lines produced from the recorder indicate the 
length of time of each operation. From this information, 
the overall behavior of an automatic system is analyzed. 
As an aid to system analysis, a transparent master line 
chart, appropriately engraved, defines the optimum condi- 
tions. Reference identification will clearly indicate the opera- 
tion each line is recording. Each inch of space or line on 
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the recorder is equal to 0.2 sec. The results are accurate to 
within 1/120 sec. The calculated 
recorder is less than 20 millisec. 


response time of the 

(nother aid in system analysis is the Electro-Graphic 
Detector (above, right) displayed by W. F. & John Barnes 
Company. This new wired-in checking system consists of 
separate electrical circuits wired to schematic electrical 
Mounted in illuminated panels, the 
wired-in diagrams are equipped with terminal check points 
and cycle-sequence lamps which enable plant electricians 
to immediately 


diagrams. separate 


locate any failures in the control system. 
The schematic electrical diagram in the panel is mounted 
between two transparent plastic sheets. Individual terminal 
check points are located in the schematic diagram, each 
representing a connection between two contacts in the 
electrical control, whether these contacts are on one piece of 
equipment or whether there are two contacts, each on 
separate pieces of equipment. A grounding test probe in- 
serted in the terminal check points provides the means for 
determining the exact location of any defect in the electrical 


circuit. 


PUNCH POSITIONING. A completely automatic 
turret punch press was introduced by the Wiede- 
mann Machine Company. The press and work locat- 
ing table are controlled by a tape-fed, electro- 
mechanical programming unit to perform all func- 
tions automatically simultaneously positioning 
work under punch, selecting turret station carrying 
proper punch and die and, then, tripping the press. 
This cycle is automatically repeated in rapid se- 
quence until all holes are accurately located and 
punched. The special vinyl tape, which is not 
affected by shop oils or grease, eliminates the need 
for shop drawings, templates or manual layout 
of each hole location. Shown herewith is a close-up 
photo of the tape-reader part of the control system, 


which was developed by Hillyer Instrument Co., Inc. 
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BLUEPRINT READER. Tracers of many types. including electrical and hydraulic, have 
become standard accessories for lathes and milling machines. Most of these are templet 
controlled. An interesting departure from the conventional devices is the Cincinnati 
Milling Machine Co.’s Line Tracer, shown above as used in conjunction with ‘a milling S 
machine. This tracer works directly from a drawing of the part. The information on the 
drawing is transmitted on a light beam through an electronic-hydraulic system. which 
will accurately duplicate the drawing to within a few thousandths of an inch. 


ELECTROLYTIC GRINDING. Several ap- | 


plications of this process were on display. n 
Of particular interest is the fact that e 
electrolytic grinding is a completely cold | q 
process, since there is practically no fric- c 


tion between the wheel and the work. It 


i 
is especially useful in the grinding of dies, " 
because there are no heat stresses and the 
wheel wear is almost negligible, enabling | ' 


close tolerances to be held without con- | 
tinual resetting. One development has been 
the grinding of the faces of transformer | i 
cores, where burr and layover is a big 

problem. Since about 90 per cent of the 
cutting is done by current flow, these faces | 
can be ground flat without short-circuiting 


. ° € 
the laminations. 
The Anocut Engineering Co. automatic 
( 


electronically controlled supply unit (left) 
embodies two control features. First, it 
sets the maximum voltage and current to | 
a proper level for maximum removal. | | 
Second, it responds automatically to spark- | | 
ing between the material and the wheel : 
so as to reduce the voltage as excessive | 
sparking occurs and before harmful arcing | 





can arise. As a result, maximum removal 
rate is attained automatically without 
attention by the operator. 
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Nuclear 
Batteries 


Termed also “atomic” and “radioactive” 
batteries, these newest of power-source 
devices convert radioactive isotopes into 
The 


principles 


electrical energy. author reviews 


fundamental and describes 


three basic types of cells—the contact- 
potential, the solid-dielectric, and the 


solid-state.* 


Iv Is THE PURPOSE OF THIS ARTICLE to discuss the various 
methods of converting radioactive energy to electrical 
energy and examine the characteristics of several of the 
devices constructed for this purpose. A brief discussion 
on solar batteries is also included, since the principles 
involved are somewhat related to those of certain nuclear 
batteries. 


Fundamentals of Radioactivity 


The atoms of radioactive isotopes are unstable and dis- 
integrate, giving off minute powerful particles or rays in 
the process. There are three distinct types. The alpha 
particles (written a) consist of the nuclei of helium atoms. 
These relatively heavy positively charged particles have 
a velocity of 10,000 to 20,000 miles per second and are 
ejected from the nucleus of the atom. Although the ex- 
cellent ionizing qualities of alpha particles would make 
them desirable for use as a power source for radioactive 
batteries, the high costs, short supply, and low penetration 
power in any medium set up obstacles for these purposes. 
Beta particles (8) are electrons having a speed approach- 
ing that of light. Desirable properties. such as good pene- 
tration range, adequate supply and long half-life. make 


* The United States Air 
under Contracts No. 
descriptions of 


Force work described in this 


article was sponsored 
A F33(038) 23686 and No. AF33(616)172. 


The illustrations and 
commercial and semicommercial devices included with 
Mr. Milliron’s article were prepared separately by the staff of Evectrricat Mant 
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them valuable as power sources for radioactive batteries. 
Last. the gamma (y) rays. which are electromagnetic 
waves. are similar to light or X-rays, but have a shorter 
wave length than either. Gamma rays have no electric 
charge. This form of nuclear energy is the least desirable 
for use in nuclear batteries, since considerable shielding 
is required in order to reduce the external radiation to a 
safe health level. In addition, the ionizing effect of gamma 
rays on gas is much less than for charged particles, such 
as alpha or beta. 

Radioactive isotopes possess certain characteristics that 
make them valuable as energy sources for batteries. Such 
energy is available from the isotope for predictable, and 
frequently long, periods of time. Table I lists a few of 
the isotopes with their half-lives. (Half-life means that in 
the period of time indicated the isotope will retain approxi- 
mately one-half its starting energy.) The decay of radio- 
active isotopes is independent of physical and chemical 
conditions. This means a battery may be constructed so 
that its energy will not be affected by temperature, pres- 
sure or short circuiting. The main disadvantage at present 
are the low currents obtainable and the radiation hazards. 

Some of the properties of the various particles emitted 
have been reviewed. In dealing with radioisotopes the 
physicist uses the term “curie” as a unit for measuring 
radioactivity. The “curie” is defined as the quantity of 
a radioisotope which must be present in order to have 


3.7 * 101° disintegrations per sec. 


Historical Background 


The principle used to obtain electrical energy from 
radioactive isotopes was reported as early as 1908 by 
Mme. S. Curie (/)* in her thesis presented to the Faculté 
des Sciences de Paris. Later in 1913. H. B. J. Moseley (2) 


Table I—Half-Life of Some Radio- 








of 
Strontium 90 25 years Beta 
Hydrogen 3 (Tritium) 12.5 years 
Carbon 14 ” 5740 yens a 
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in his work constructed a sphere containing radon and de- 
termined that it produced a voltage as high as 150,000 
volts. The work of E. G. Linder and S. M. Christian (3) 
on a device similar to Moseley’s obtained voltages as high 
as 365,000 volts using a strontium-yittrium 90 source. A 
different device was constructed by J. B. Kramer (4) in 
1924. In this cell it was found that dissimilar electrodes. 
separated by an air gap, energized by radioactive sub- 
stance produced a steady emf. This cell with electrodes 
composed of carbon and zine produced a current of 10 + 
amp and | volt. P. E. Ohmart (5) reported, in 1950, on 
a similar device. It was after the start of artificial produc- 
tion of radioactive isotopes by the Atomic Energy Com- 
mission that interest in the use of radioactive materials to 
generate electric current was renewed. Previous to this. 
the desirable features of these isotopes for use as a reliable 
power source with long life were far out-weighed by the 
scarcity and cost of materials. It was the availability of 
large quantities of radioisotopes and the requirement for 
power sources of long life that led the Air Force and 
others to sponsor work in this area. 





*Italic numerals in parentheses apply to Cited References at end of article 


CASE HISTORIES 


The Thermal-Type 
Nuclear Battery 


DEVELOPED AT THE MOUND LABORATORY, 
Miamisburg, Ohio, and still in ex- 
perimental state, this battery utilizes 
polonium-210 as the radioactive source. 
Some 150 curies of this isotope are 
sealed into a small capsule, which is in 
surface contact with the hot junctions 
of 40 thermocuples. In effect, the con- 
struction is that of a thermopile. The 
accompanying illustration 
alternative methods of internal 
struction that can be fitted into the case 
shown in the center. A complete battery 
is approximately 1-94 in. x 1-% in. 
diam. Essentially this battery is a 
constant-impedance generator. As con- 
densed from reports issued by Mound 
Laboratory scientists, the salient techni- 
cal considerations of this battery are 
as follows: 

For a specific thermal battery design 
the open circuit voltage is dependent 


shows two 


con- 


only upon the 


The 


junctions. 
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Principle of contact-potential battery device utilizing beta source. 


Alternative inner construction for thermal-type nuclear battery 
by Mound Laboratory, and employing polonium-210. 


temperature 
between the hot junctions and the cold 
open 
and maximum power output should not 
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The Contact-Potential Cell 


This cell is based on the principle that when two elec- 
trodes with a contact-potential difference are insulated 
from each other, an electrostatic field will exist between 
them. The field is caused by the fact that the two elec- 
trodes have different work functions. It is more difficult 
for electrons to leave the surface of the higher work fune- 





(center) developed 


difference vary greatly with marked changes in 
ambient temperature. The materials of 
construction used would establish the 


upper limit of ambient temperature and 


circuit voltage 
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Temperature , deg F 


Fig. 3—Open circuit voltage vs tem- 
perature of Model E-4 nuclear cell. 


tion material than the lower work function material. The 
tendency of the electrons to leave the electrode of low 
work function will still exist even when the two materials 
are connected together electrically. If a cell is made up of 
two electrodes of different work functions separated by a 
gas. a small continuous current will flow from the less 
active to the more active electrode, provided the sepa- 
rating gas is forcibly ionized by nuclear radiation. 

In Fig. 1. for example, a cell was constructed with one 
electrode H of high work function and the other L of low 
work function, with a filling gas G, which was energized 
by beta radiation. A continuous current flowed through 


by careful limit could 
probably be made very high. No lower 
limit to the temperature is 


indicated. except possibly very close to 


design this 
ambient 


absolute zero. 

The open circuit voltage of a thermal 
battery decreases with time: the rate of 
determined primarily by 
the half-life of the radioactive material 
used, and secondarily of the design of 
the battery. If the major loss of heat 


decrease Is 


(not producing useful power) is by 
conduction, the open circuit voltage 


will decrease approximately at the same 
rate as the rate of decay of the radio- 
active material used. As the proportion 
of this heat loss due to radiation in- 
crease, the open circuit voltage will 
decrease more and more slowly 
would be calculated 


decay. 


than 
from radioactive 
Thermal battery life is dependent 
only on the half-life of the radioactive 
isotope used, the age of the battery 
when placed in service, and the speci- 
fied terminal voltage. It is independent 
of the total been 


power WwW hich has 
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drawn from the battery. There are no 
polarization effects, and the thermal 
battery is not damaged by prolonged 
short circuit. Maximum utilization of 
total available power from a thermal 
is obtained by battery operating con- 
tinuously under full load. The shelf life 


and the full-load life are identical. 


(Half-life of polonium-210 is 138.4 
days.) 
Since thermal batteries can be 


hermetically 
much less 


sealed, they should be 
affected by adverse en- 
vironmental conditions than the equip- 
ment with which they generally would 
be used. The open circuit voltage of a 
thermal battery should be essentially 
unaffected by vibration as long as there 
is no mechanical damage. 

Thermal batteries can be designed 
having a range of open circuit voltages 
of a few millivolts to several volts, with 
corresponding internal resistances of a 
fraction of an ohm to several tens of 
ohms. Higher or lower impedances are 
possible with loss in efficiency. 


Since the thermal battery is es- 





The contact-potential cell 


80 100 120 140 
Temperature , deg. F 


Fig. 4—Short circuit current vs 
temperature of E-4 nuclear cell. 


load R. The amount of current produced will vary with 
the quantity of radioactive material used. The open cir- 
cuit voltage of this cell will be determined by the difference 
in work functions or contact potential of the electrodes. 
Thus to obtain a specific cell voltage the appropriate 
positive and negative electrodes are so selected that their 
work functions or contact potential differences will equal 
the desired voltage. To obtain higher voltage than pos- 
sible in the electromotive series, several electrodes may 
be connected in series. 


is essentially a constant- 


voltage device with a large internal impedance (108 


sentially a constant impedance genera- 
tor of low internal resistance, the best 
indicated applications are those re- 
quiring high current at relatively low 
voltage. Units could be connected in 
series and/or parallel to meet most 
requirements. The battery is seen as 
“ideal” where demands of continuous 
duty or maximum current or both have 
to be met. It is not considered ideal for 
use as a source of reference voltage 
because of the inherent decrease in 
voltage with age. Careful design, how- 
ever, can minimize the effects of this 
property. 

It is emphasized that the 
Laboratory 


Mound 
thermal-type nuclear bat- 
tery is not yet in commercial production. 
This is primarily owing to the fact 
that suitable radioisotopes are limited 
in availability and high in cost. How- 
ever, a considerable degree of interest 
is reported for special requirements 
for which there is presently no satis- 
factory power source, but which could 
be met by these batteries. There are 
also commercial applications where the 
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ohms), so it may also be considered a constant-current 
generator in most applications since the circuit impedances 
are normally less. Figure 2 is an actual Model E cell 
developed under Contract AF33(616)172 for use as a 
voltage reference source in airborne electric equipments. 
This cell has 10 millicuries of strontium 90 as its energy 
source. The electrodes are aluminum and lead dioxide. 
The filling gas is argon. Figures 3 and 4 are curves of 
voltage and current obtainable with reference to tempera- 
ture. From these curves it can be determined that the cells 
are limited to applications of low current drain, such as 
standard cell applications. It will be noted from the voltage 
vs temperature curve (Fig. 3) that the temperature co- 
efficient is approximately 0.00021 volts per deg F. Recent 
experimental results indicate that a cell can be con- 
structed with essentially zero temperature coefficient. 
This characteristic, along with the freedom from effects 
of short circuiting and long life make this a very desirable 
cell for use as a voltage reference source where environ- 
mental conditions cannot be controlled. 


The Solid-Dielectric Battery 


If a cell is constructed of two electrode materials, one 
coated with a radioactive isotope separated by a solid 
dielectric material from the second electrode, a voltage will 
develop across the terminals. Figure 5 is a schematic 
diagram of a solid dielectric cell developed under contract 
AF33 (038) 23686. In use, the beta particles from strontium 
90 source S transverse the dielectric D and are collected 
by C. Thus, S becomes positive and C negative. An actual 
cell was constructed. It was possible to build up a voltage 
of 4200 volts on an electrostatic voltmeter. This voltage 
build-up required about 7 hr. Higher voltages were ob- 
tained in certain instances, but it was found that the rela- 
tive humidity had to be controlled in order to prevent 


CASE HISTORIES (Continued) 


advantages of thermal batteries would 
justify a significantly greater cost. It 
is therefore seen possible that thermal 
batteries will be produced commercially 
in the future when costs are 
reasonable than at (The life of 15 years 
Mound Laboratory is operated by 
Monsanto Chemical Company under a lab 
U. S. Government contract.) 


Tritium-Source 


cannot be 
more 
present. 


individual 
customer’s 


considered. 


similar metal plates to collect gaseous 
ionization produced by the radioactivity 
between the plates. The radioactivity 
detected 
battery should have a useful operating the Radiation Research tritium-source 


upon power requirements. The Tracer- 
batteries are not in commercial 
production, but the company states that 
will be 
specifications. 
power delivery is about 0.1 microwatt. 
although up to 1.0 microwatt would be 


orders 


Fig. 5 (left)—Principle of solid- 
dielectric type radioactive bat- 


tery. 


Fig. 6 (right)—Radioactive elec. 
Dd tron voltaic device (semiconduc. 


tor type). 


excessive leakage, thus reducing the voltage. 

An electroscope was constructed and calibrated to ex- 
plore other characteristics of this cell. It was found that 
the battery had an internal capacitance sufficient to charge 
the electroscope to 300 volts. The solid dielectric cell 
produced approximately 10°!! amp using 10 millicurie 
strontium 90 source. The internal impedance of the solid 
dielectric cell is also very high, approximately 10° ohms. 

As can be determined from this information this cell is 
limited to applications where a high voltage and a low 
current are required. Some of the applications are found 
in Geiger counters, and dosimeters which require approxi- 
mately 300 volts and 10°!° amp. Other possible applica- 
tions may include any circuit where a charge must be 
maintained on a condenser. 


Solid-State Cell 

The two cells previously discussed have high internal 
impedance and low current outputs. Efforts were then 
turned to developing a cell with higher current output and 
low internal impedance to provide a power source for 
devices with low power requirements such as transistors. 


millimicroamp. Physically. this battery 
occupies about 2 cu in. of volume, and 
weighs about 6 oz. It is pointed out 
externally. The that for the same weight and volume. 
10 times 


the current given by a strontium bat- 


more, depending — battery should provide about 
tery. Commercial production is expect- 
ed in the near future. 

taken on 

Maximum 


Nuclear Batteries 


SEVERAL BATTERIES in various stages of 
development use tritium as the radio- 
active energy Tracerlab, In- 
corporated, Boston, has batteries of 
this type that will deliver about 150 
volts at 10 millimicroamp. The ac- 
companying _ illustration 
physical size of these batteries com- 
pared to a standard flashlight battery. 

Principle of operation is the use of 
a contact potential field between dis- 

















source. 


shows the 
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Tritium is also utilized as the energy 
source of a battery now in the develop- 
ment stage at the Radiation Research 
Corporation, W. Palm Beach, Fla. (The 
company also makes Strontium-90 nu- 
clear batteries.) This however differs 
from the Tracerlab unit in that it does 
not employ the principle of contact 
potential differences, but is rather of 
the solid dielectric type. A “signifi- 
cantly higher voltage” is claimed. Data 
on preliminary models show a potential 
of 3000 volts maximum per cell. at 1 





contact-potential type 
battery compared in size to flashlight 
battery. Developed by Tracerlab Inc. 


Tritium-source 
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The developmental effort centered around the radiation of 
semiconducting junctions with beta particles to obtain 
electrical current. In order to understand the operation 
called 


nuclear battery it 


of the so “electron-voltaic” or solid-state type 


is first necessary to review the elec- 
tron properties of the semiconducting elements. 

(1) Those that are 
that 


constitute the structure of the element and play no part 


There are two classes of electrons: 


closely bound to the atoms, the “crystal lattices” 


in its conducting properties. (2) The so-called “conduc- 
tion electrons,” that are not tightly bound to any particular 
atom, but move freely among all atoms. It is the move- 
ment of these electrons that we will concern ourselves with 
in this development. In conductors there is approximately 
one free electron that can be used for carrying current for 
every atom: in an insulator there are very few free elec- 
trons. These free electrons are the conduction electrons 
and can be induced to move to adjacent atoms. In semi- 
about one current-carrying 
electron for every million or so atoms, but this number 


conductors there is only 


can be varied by changing the physical environment of 
the material. 


vision, Universal 


Strontium-90 
Batteries 


SOLID DIELECTRIC 
utilizing 


voltage source, 


nuclear batteries 
the 


rYPI 


strontium-90 as energy 


source have been developed com- (3) Multiple-voltage 
mercially by the Patterson Moos Di- taps for 1, 10, 100 
. Latest of the Radiation 
= poration 
. F-50 
<a 


Two 


the 
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Winding 
Inc., Jamaica, N. Y. As last reported, 
three models are available: (1) A high- 
voltage 
current 500 micromicroamp, dimensions 
2-3/8x2-3/8x7/8 in. 
voltage source, 375 volts, 50 micromi- 
croamp, 1-46 in. long x % 


(2) A 


source, voltage 
and 1000 volts. 


ontinued on page 


strontium-90 batteries, models 
(left) and F-10. Patent pending. .<« 


sizes 
terson Moos stron- 
tium-type 
battery. 

multiple voltage- 
tap design; below, 
high 


source, 


Top, 


It was found that electric current may be generated by 
using high-energy beta particles to bombard semicon- 
ductor junctions. These junctions are similar to those 
found in transistors: they are formed so that the type of 
semiconductor materials varies continuously from p or 
positive type to n or negative type material. This is done 
by the introduction of minute quantities of impurities 
to the The beta particles 
bombarding the junction area where the p and n type 


semiconducting material. 
regions meet eject electrons from the molecules and cause 
them to flow. These electrons may then be collected by an 
electrode and caused to flow through an external load. 
The desirability of using this method to generate an elec- 
tric current is great, since the high-energy beta particles 
can cause a great many electrons to flow thus giving rise 
to a process of current multiplication. 

The cells constructed employing this technique were 
found capable of producing much greater currents pet 
quantity of radioactivity than the other types previously 
described here. Figure 6 is the diagram of a radioactive 
electron voltaic device. In this cell the beta particles 
emitted strike the barrier layer creating many conduction 
electron-hole pairs in the filled band with enough energy 
so that the electron can get to the conduction band. In 
the conduction band it will flow into the collector thus 
giving rise to an electron current. Experimental laboratory 
cells delivered approximately 10 millivolts and 5 micro- 
amp. 
from one of these cells is sufficient to 
power some of the commercial transistors which have very 
low power requirements. It must be remembered that in 
all instances the currents obtainable from the battery are 
not generally the theoretical maximum obtainable, but 
are the actual values for the size of the specific radioactive 
source. 


The current 


(Continued on next page) 
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The information presented here so far may lead to the 
conclusion that the present radioactive cells are capable 
of producing only very small amounts of electric power. 
This assumption is presently true, since only small quan- 
tities of radioisotopes are used in these cells, generally 
less than 50 millicuries. In addition, the efficiency of 
conversion to electrical energy is less than 1 per cent. 
The theoretical possibilities of these cells, however, should 
be considered. Also, since the cost is a concern of poten- 
tial users, present costs of materials, in relation to quan- 
tities sufficient to produce usable power, is given in 
Table II. 

Sample calculations follow to show how the power and 
cost information are derived. Strontium-yttrium 90 or 
Sr90 as it is popularly referred to, is an isotope used by 
many investigators in these applications. It generally is 
chosen because of its availability and the fact that it emits 
beta energy. By applying this relationship 


(Power in watts ) 
(Number of disintegrations per sec) 
(The energy of the beta particle) 
(The charge of an electron) 
the power for one curie of Sr90 would be: 
Pa t3.f X 10°° <X 212 x 10*§ X 16 
watts, or 
P 1.25 10-3 watts. 


10-19) 


Table II also indicates the power generated by Sr90 
and H.3, two radioactive isotopes. This will give an idea 
of the cost of batteries using the quantities of materials 
enumerated. 


The Solar-Type Cell 


Although studies of the generation of electric current 


CASE HISTORIES (Continued) 


current 2000 micromicroamp, dimen- 
sions 3x3x31'4 in. 

Another series of nuclear batteries 
that utilize strontium-90 as the energy 
source and a solid (polystyrene) dielec- 
tric has been under development by 
the Radiation Research Corporation, 
W. Palm Beach, Fla. for several years, 
and are sold now, according to the 
company, on a_ regular commercial 
basis., The most recent, model F-50. 
(patent pending) illustrated here, uses 
10 millicuries of the strontium isotope 
as the energy source, and is rated at 
17,000 volts output, 50 micromicroamp. 
Size is about 1 cu in. in volume; weight 
is about 5 oz. 

Strontium-type batteries are said to 
provide long operating life, of the order 
of 25 years, and performance stability 
under extremes of ambient conditions. 
Applications are indicated for transistor 
power supplies, timing circuits, control 
circuits, radiation measurement instru- 
mentation, constant-current or constant- 
voltage reference sources, ordnance 
controls, among others. 
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by the use of light were not directly included in the 
work on nuclear energy conversion, it seems appropriate 
to include in this article some information on this effect, 
particularly since recent developments have stimulated 
interest in this phenomenon. Also the principles involved 
are somewhat similar in nature to the technique used 
in the solid-state cell. 

Physicists working in the solid-state field developed 
practical units capable of transforming light into usable 
amounts of electricity. Basically the solar-type cells are 
constructed of semiconducting materials in a_ similar 
fashion to transistors. These cells are much larger in 
area, to make it possible to take advantage of the avail- 
able sunlight. In operation the light strikes the barrier 
region (at the p-n junction) of the cell, where it is 
absorbed. It liberates electrons and causes them to flow. 
which gives rise to an electric current. This current may 
then be used directly or stored in a battery and used as 
needed. 

The quantity of electricity produced is determined by 
the amount of light present and the size of the semi- 
conductor cell. The voltage, which varies with the mate- 
rial used, is approximately 1% volt per cell. The cells can 
be connected in series or parallel to achieve desired 
current and voltages with a given amount of light. Un- 
like the nuclear batteries these cells produce a usable 
amount of electric current. 

Some of the present limitations of this cell compared 
with conventional power sources are: the present high 
cost of producing semiconductor materials, and the uncer- 
tainty of sunlight on a day-to-day basis. 


Conclusions 


From the results of data obtained from the investiga- 
tions on the conversion of nuclear energy to electrical 


Solar 
Battery 


ANNOUNCED EARLY IN 1954 by Bell 
Telephone Laboratories as a laboratory 
development, the solar battery is 
moving firmly into an area of practicali- 
ty. Essentially the battery is a photo- 
voltaic device comprising silicon solar 
cells that convert sunlight into electrical 
power. Efficiency of this device is most 
recently reported as 1i per cent. 

The individual solar cell is simply 
a p-n junction that is designed so that 
the maximum advantage of exposure to 
sunlight can be taken. The junction is 


(Top) A solar battery being assembled 
at the Bell Telephone Laboratories. Note 
the wafer-thin disks of silicon that form 
the 432-cell battery. These disks can de- 
liver power at the rate of 100 watts per 
sq yd of effective surface. (Bottom) the 
solar battery being installed on an ex- 
perimental rural telephone line near 
Americus, Ga. 
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Table Il—Radioactive Power Related to Cost* 


Isotope 





Strontium 90 





Hydrogen 3 (Tritium) 


a es 








Power in watts Cost* 

tas 102 $s00/00 

1250 $500 million 
0.03 x 10-* 10 

0.03 X 10-3 $100.00 

30.00 $100 million 


*Besed on prices obtained from a price list on isotopes published by U. S. Atomic Energy Commission. 


energy, it can be definitely indicated that this type of cell 
is useful for production of small electric currents. These 
radioactive cells are in the early stages of development, 
but as means are found to make use of larger quantities 
of radioisotopes, greater currents will be produced. An 
increase in the range of applications and continuing re- 
duction in costs of the cells would follow. With wide use 
of transistors in the future, it may be possible to have 
completely self-powered electronic circuits using radio- 
active energy. OC 
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made quite large and is oriented to face 
the sun. The top layer is made very 
thin so that as many as possible of the 
effective photons are able to penetrate 
to the vicinity of the junction. As shown 


in the 


accompanying illustration, an 


experimental installation of the BTL 
solar battery is being currently used 


on rual telephone lines in Georgia. 


In another direction, a commercial 





Actual size of silicon solar cell commercially developed by 
Products, Inc., on a Western Electric manufacturing license. 


Editor’s Note: 


\ report “Radioactive Battery,” by Richard R. Annis, 
Evans Signal Laboratories, provides an additional source for 
reference, particularly on the contact-potential type. Avail- 
able from the Office of Technical Services, Department of 
Commerce, Washington 25, D. C. (PB111604). 

The companies listed here have cooperated in providing 
illustrations and technical data for the serveral illustrations 
of nuclear and solar battery design that supplement this 
article. On request, they may supply additional information. 

Radiation Research Corporation, 526 Northwood Rd., West 

Palm Beach, Fla. 
Patterson Moos Division of Universal Winding Company, 
Inc.. Jamaica 18, N. Y. 

Tracerlab Inc., Boston 10, Mass. 

National Fabricated Products, Chicago 47, Ill. 

Bell Telephone Laboratories, Murray Hill, N. J. 

Of related interest is a 20-page staff review, “Impact of 
High-Energy Radiation on Dielectrics,” June 1955 ELECTRICAL 
MANUFACTURING. Reprints are available to readers; circle 
No. 217 on Reader Inquiry Service, preceding back cover of 
this issue. 
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National 


Fabricated 


line of silicon solar cells has been 2. Typical cell will) measure from 9500 angstroms). 4 

introduced by National Fabricated 0.3 to 0.5 volts on open circuit, and \n important feature of the Bell 
Products, Inc., Chicago, based on the 0.25 volts across a resistive load of — solar battery is that it is able to charge 
BTL development and under a manu- 10 ohms. a storage battery at a constant voltage. 
facturing license from Western Electric 3. Typical cell will convert solar Consequently. a solar battery-storage 
Company. Actual size of this cell is energy to electrical power, under battery combination can average a 


shown in the accompanying illustration. 


This cell is a hermetically sealed unit exposure, at a 


optimum conditions of sunlight and 
rate up to 


steady power output through day and 
night service. over periods of good and 
inclement weather. 


10. milli- 


approximately 1-%, in. diam by *16 in. watts. 
thick. The cell can be mounted in a 1. Spectral response curve of power 


series or parallel bank. Characteristics 
are given as follows for exposure to 
illumination levels of direct noon sun- 
light: 

1. Internal impedance varies with 
light flux incident upon the sensitive 
surface of cell. 
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vs wave-length for the silicon p-n 
junction employed in the Type S-1 
Cell broad flat maximum 
extending from 0.7 microns to 0.85 
(7000 to 8500 angstroms). 
maximum values are 0.55 
and 0.95 (5500 to 


shows a 


microns 
The half 


microns microns 


The solar battery is in the class of 
batteries. A 
“atomic battery” 


solid-state is the 


Radio 


America on an 


variant 
developed by 
Corporation of ex- 
perimental basis. This also employs a 
semiconductor element but differs from 
the solar type in that beta radiation is 


used as the energy source. O00 
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A Re-evaluation of 


Vibration Testing Techniques 


Results of continued research on guided missile in-flight conditions have 


caused many engineers to question the adequacy of standard relay vibration 


specifications. Current methods of recording actual flight vibration data and 


analysis are described. including the theory and application of a more 


realistic approach based on specific variation of accelerations with frequency. 


To DATE, ATTEMPTS TO DUPLICATE the in-flight vibration 
environments of electronic packages and components 
have not been completely successful. Obviously, it is 
often extremely difficult to fire even a limited number of 
missiles to evaluate a complete electronic package, let 
alone a component such as a relay. In most cases if a 
missile is recoverable the damage sustained is only re- 
motely related to flight environments. Consequently, 
designers are continually faced with the twofold task of: 
(1) Determining the exact nature of missile environ- 
ment; and (2) the 
laboratory. 


duplicating this environment in 


Most current military specifications are based on the 
synthesis of vibration data obtained with piloted aircraft. 
These data represent an envelope enclosing many points 
of fixed frequency and vibratory level encountered at 
specific points in the aircraft. All of these specifications 
are designed to mitigate malfunctioning and damage due 
to the mechanical forces in flight. It is in this connection 
that some missile engineers have taken exception to 
existing and proposed specifications. This does not infer 
that some of the newly proposed specifications are of no 
value for. if they are met, relays will most certainly be 
more reliable in a qualitative sense. 


Test Factors 


Guided missile life can be broken down 
simply as: (1) The storage life as measured in years 
and (2) the flight life as measured in seconds. Storage 
effects on relay stability are perhaps the most difficult 


Based on a paper presented at the third Conference on Electromagnetic Relays 
March 9-11, 1955, at the Oklahoma A & M College as part of the participation 
by the Navy-sponsored Guided Missile Relay Working Group 
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items to evaluate. Some evaluation work is being done 


using high storage temperatures in accelerated life tests. 
Many of the requirements can be met by specifying ma- 
terials known to have stable characteristics. Specifications 
will eventually include: (1) Production techniques de- 
signed to relieve stresses due to assembly; (2) use of 
insulating materials with low vapor pressure, or their 
complete elimination in favor of the newer ceramics: 
and (3) use of sealed relays with inert gases to insure 


the exclusion of water and oxygen—the most active 
materials causing degradation. A minimum millivolt 


contact potential for microampere circuit operation will 
eventually be included for such “dry circuit” applications. 

Perhaps the greatest change is to be expected in the 
flight life specifications. Flight time may be limited to 
approximately 1000 sec for short range missiles. Tem- 
should be transient 
limited to flight times. Effects of the mechanical forces 
are also limited to this short-life consideration. Specific 


perature rises considered as and 


changes to be considered include: 

1. Where high temperature is a factor in failure or 
malfunctioning, testing should start at 71 C and the 
ambient temperature permitted to rise to 125 or even 
150 C after 5 min. Specifications for continuous operation 
at 125 or 150 C for short range missiles are not realistic. 

2. Operations should be evaluated on the basis of a 
hundred rather than a million cycles. 

3. The current rating itself should be evaluated for 
100 cycles. 

Causes and Effects of Vibration. Techniques of 
evaluating the relay, or for that matter any guided 
missile component, under current specifications for dy- 
namic conditions are often so cumbersome that most tests 
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are limited to static environments. Consideration must be 
given to the operation of the relay in the presence of the 
malfunctioning and damaging causes. Failure to perform 
because of contact bounce, contact resistance. and im- 
proper pull-in or drop-out time and current, are the 
effects which must be evaluated in the presence of shock, 
vibration and the operating temperatures experienced 
in flight. 

Component and test engineers are gradually accepting 
the transient behavior of materials and components, not 
capable of surviving continuously at peak environment 
conditions. New demands on guided missiles are forcing 
the use of transient response and this facet of evaluating 
guided missile components under shock and vibration, 
specifically with respect to relays. will now be explored. 

Past and Present Vibration Tests. Early in the 
testing art, complete equipment assemblies were subjected 
to sinusoidal vibration of 5 to 55 eps at varying peak-to- 
peak displacements for minutes or hours of loading. Poor 
packaging was reduced and poor components were im- 
proved. Experience in low speed transportation made 
this a valuable test. 

With more attention being given to the needs of aircraft. 
the frequency range was extended to 500 cps and the 
concept of entrenched. 
Engineers began thinking in terms of 5, LO and 15 g’s. 
Components and electronic packages were tested with 
vibrations of definite g’s from 5 to 500 cps, limited at 
the low frequency end by a peak displacement. 

With high speed aircraft and guided missiles, however, 
the frequency range was further extended to 2000 cps 
and acceleration increased from 10 to 20 g’s. If the facts 
are examined critically, an extension to at least 30,000 
cps would seem realistic. The vibration test from 5 to 55 
cps at a double amplitude of 0.060 in. for 2 hr in each 
of the 3 directions (one hour energized, one hour de- 
energized ) is still being requested. 

One service, however, is now seeking relays that will 
withstand a 30 g acceleration force swept slowly from 
95 to 2000 cps without excessive resonance of any part. 
A similar test sought by another service specifies a sweep 
from 55 to 2000 cps and return in 15 min, repeated 12 
times without excessive resonance. Acceleration is 15 g’s. 
Including energized and de-energized conditions in three 
vibration directions, a total time of 9 hr is involved 
without malfunctioning. An additional freedom is_per- 
mitted and either a uniform or logarithmic frequency 
sweep is allowed. 


fg or acceleration became firmly 


For guided missiles another requirement is being added. 
Flight measurements show that in some cases the g value 
is not constant in the frequency spectrum and, as a result, 
the variation in amplitude with frequency is being speci- 
fied as a criterion for acceptance. This is presumably 
being done to reduce unnecessarily severe requirements. 
One vibrator maunfacturer is currently offering a vibrator- 
control system that will allow the user to shape the in- 
tensity vs frequency variation of a sine wave signal 
swept from a low to high frequency limit. Figs. 1 and 2. 


Random Simultaneous Vibration Spectrum Testing 
The four principal sources of vibration existing in 
actual flight are as follows: 
1. Those forces due to continually vibrating, rotating 


and reciprocating mechanisms needed in guidance and 
control. 
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Fig. | 
exciter manufactured by MB Manu- 


1000-lb, 5- to 3000-ceps vibration 


New Haven, Conn. 
Unit is designed for continuous duty 
at 70 g; 100 g peak. 


facturing Co., 


2. Shock of take-off, flight return to a dense atmosphere, 
and uneven burning of fuel. 

3. Flight through recurring pressure variations and 
air turbulence that cause missile frame flexing as well 
as shock. 

1. Torsional forces due to application of forces off 
the center of gravity and those more directly due to 
stabilizing and steering functions. 

In themselves, rotary and mechanical control equip- 
ment contribute only a small portion of the sustained 
sinusoidal vibrations. Even with these items there appears 
to be wide distribution of frequencies with some pre- 
dominating. The aggregate of the shocks and pulses pro- 
duced regularly, and at random, contributes to the major 
distribution of the accelerations in the frequency spec- 
trum. 

Note that a pulse has been converted to a frequency 
distribution. A rectangular shock disturbance repeated 
regularly with a pulse duration that is short with respect 
to the repetition period could, by Fourier analysis, be 
considered to contain many harmonics of the repetition 
rate, each component with appreciable amplitude. For 
example, a ratio of 10 between the repetition period T 
and the pulse duration ¢ results in a 36th harmonic having 
an amplitude approximately 0.02 of the pulse intensity, 
a possible severe acceleration level. When random pulse 
intensities. pulse duration and repetition rates are ac- 
cepted, a forcing function containing every frequency 
with a complex envelope configuration can be conceived. 
Flight tests already made indicate random distribution 
of acceleration in frequencies extending at least to 30 
ke. Continuing tests will probably strengthen this view- 
point and shed more light on the specific variation in in- 
tensities with respect to frequency. 
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Fig. 2—Compensation network console 
used for control of vibration 
MB Manufacturing Co. New 


Conn. 


exciter. 
Haven, 


Recording the Forcing Function. If the technique of 
recording and evaluating the forcing function is _re- 
viewed, the latter should have greater meaning. Accele- 
rometers, Fig. 3, are fastened to the mounting positions 
where the electronic package is bolted and their magni- 
tudes during flight radioed to the ground and recorded on 
magnetic tape as an equivalent electrical signal, Fig. 4. 
Thus. the signal recorded on the tape represents the 
forcing function that the electronic package experiences 
in flight. Any of the three rectilinear or torsional direc- 
tions are monitored and recorded. After a few flights. 
the worst direction is selected for intensive study. Trans- 
ducer and the transmission network 
response in the frequency range of concern. 

Analysis of the Vibration Signal. for general use, 
the signal should be analyzed and reduced to its essential 


should have flat 


elements, specifically to a curve of acceleration spectral 
density. A standard signal for further use can then be 
reconstructed and used as a standard forcing function to 
relate resistance to damage or malfunctioning. An analy- 
sis of the signal can take two paths, each yielding essen- 
tially the same information. 

A. The complex signal is passed through a series of 
parallel-connected, rectangular-shaped band pass filters. 
each covering a definite band width (B-W), non-over 
lapping and with enough units to cover the frequency 
spectrum, for example, 5 to 2000 cps. The output of each 
B-W is first recorded and statistically examined to see if 
randomness exists, in which case the signal is measured 
with a meter to indicate rms acceleration. Thus, assuming 


random distribution in acceleration, E the excitation for 


the given band width A /, is measured. However, a more 
fundamental concept of excitation than this is needed and 
the root mean square excitation per \/cycle band width, 
is gaining increased acceptance among guided missile 
engineers. Symbolically, 
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Fig. 3—-Subminiature, wide 


frequency response accel- 
erometer for detection § of 
in-flight vibration. Gulton 
Manufacturing Corp., Me- 


tuchen, N. J. 


( = BE \ Af 
where: k= rms q’s through filter 
Af = band width in eps 
Vecps band width: acceleration 
spectral density 


’ 
ey =rmsgqs 


B. Because of its simplicity, the technique most widely 
used allows the electric signal representing the forcing 
function to pass through a number of parallel-connected 
L-C-R analog circuits in which each circuit represents a 
mechanical resonant unit of one degree of freedom with 
an equivalent mechanical amplification at resonance of 
(J. In an actual case, analogs of Q = 5, 10 and 20 could 
he selected and enough units used so that the adjacent 
circuits would intersect approximately at their 1-power 
points, 

Assuming a continuous spectrum of excitation, random 
in amplitude vs frequency. with a constant value of rms 


excitation per \/cps, Dr. Robert M. Mains of the Johns 
Hopkins University, Applied Physics Laboratory, has 
derived the output excitation E in rms g’s as: 


f 
5 


T E / 1 
E = on - Of, from which e, \/ Of. 
2 ‘3s 


where: / = total output of the analog in rms q’s 


() = resonant magnification factor of the analog 
(dimensionless) 

f, = the resonant frequency of the analog in cps 

ey = the elemental excitation per ycycle band width; 


the spectral density in g (rms) 


Either analog method produces the same result, pro- 
vided that the filter circuits ring in response to transients 
in exactly the same way as the original mechanical ele- 
ment. With method A the mean e; is measured for a 
definite band-width, and the smaller Af is, the nearer the 
true acceleration spectral density of e; at f is approached. 
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When e, is derived for various values of f in the desired 
spectrum by using several analogs, a plot of e; vs fre- 
quency is the forcing function which most realistically 
represents the missile vibration at the measuring position. 

In a comparable manner, method B evaluates the e 
value for each f, of the analog. Again when several ana- 
logs are used in the analysis of a spectrum, a plot of e; 
vs f represents the forcing function. Since the expression 
derived was for a constant e; from 0 to ~ frequencies. 
a flat forcing function characteristic would indicate con- 
stant acceleration spectral density. In general, we should 
expect varying values of e;, in which case high Q values 
in the analogs would result in more realistic values of 
e, at each f,. 

Only when the electronic package is solidly encapsuled 
in aluminum, epoxy resin or similar materials will the 
missile forcing function be transmitted to the relay or 
other components without change. This is generally 
referred to as 1/1 or unity transmission. If the relay o1 
the components are mounted on a conventional chassis. 
either directly or by mounting clamps, the transmission 
to the various components is subjected to complex excita- 
tion almost defying analysis; only measurement of the ex- 
citations at the various points are meaningful. It is 
probably this condition that has increased the “g” cri- 
terion for relays. 

If a relay is mounted on an apparently stiff steel 
chassis, and in a flight test checked for chassis vibration. 
the following excitation could exist. Assume e; = 0.5. 
100 eps—all 
values. The accelerometer would read E 


chassis YQ — 5, and chassis resonance at 
realistic 
0.5\/3.14 x 5 x 200—28 g rms. If, on this basis, a 30 g 
relay is requested and then tested at this g level in the 55 
to 2000 eps range, the relay could easily be damaged. For 
example, if the relay motor has a Q of 6 at 600 eps. 
this element would be subjected to a force corresponding 
to 30x 6, or 180 g. If the spectral density spectrum 
force technique is employed and unity transmission takes 
place, the motor would only receive about 0.53\/3.14 x 
3 x 600 = 0.53 x 7 = 40 g. In the actual chassis de- 
scribed, the total rms excitation could be less since the 
chassis resonance is below the element 
resonance and acts as a filter to frequencies above 570 
(= 400 x \/2) 


resonance, 


appreciably 
if there is not a higher mode of self 


Considerable effort has been exercised to devise meth- 
ods of altering transmission characteristics so that excita- 
tion of various components is reduced. One commonly 
used technique consists of mechanical filters. designed to 
place the structure resonance at a different point than 
the sensitive range of the component. If the forcing 
function response curve is known (from the method 
previously described), the overall response can still be 
minimized further by proper filter design. 

With respect to relays, this component should not be 
designed to resist the forcing function for a particular 
missile; rather, its resistance to a standard should be 
considered. For example—a flat response spectrum that 
can be correlated with any primary forcing function. 

Sine Wave Sweep vs Random Spectrum Testing. 
For some missile design engineers, the concept of ran- 
dom spectrum forcing function most realistically simu- 
lates missile environment. Every excitation frequency 
and acceleration level, all on a probability distribution, 
is present and, regardless of the transmission character- 
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Dual-channel 
corder and reproducer for standard and 
unique spectral density acceleration fore- 
ing functions. 


Fig. 4 Ampex tape re- 


istic of the package, the latter will be its own set of 
analogs and distribute the excitation in its own complex 
way. This testing philosophy is gaining support and 
should not be ignored by component engineers. Tests 
with vacuum tubes show noise of one order of magnitude 
greater with random vibration than with simple sine 
wave tests at comparative rms input levels. The relative 
significance of sweep vs spectral density spectrum test- 
ing with respect to relays will now be considered. 

Although the electromagnetic relay can be separated 
into the motor and switching sections, each section may 
be considered to have several single degree of freedom 
systems coupled in series, in parallel, or in combination. 
When the flat response forcing function is applied, each 
element in the assembly will receive its corresponding 
force, with all frequencies applied continually, but at 
random. The relay can be tested at any spectral density 
excitation level, for any time interval, and watched for 
malfunctions or damage. Consequently, relay functions 
can be tested under dynamic conditions that correspond 
more reasonably with flight environments than single sig- 
nal sweep methods. 

Each resonant structure is excited by the spectrum in 
a fashion more like that in flight; if time is required to 
excite the element. dwelling exists. If excitation does not 
cause a visible or a malfunction-producing motion, the 
existence of a continuous force allows the component 
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Underlying Principles of Acceleration Spectral 














A. Forcing Functions: Acceleration Spectral Density Spectrums. 
At any frequency f, the total acceleration for a band 
width Af is given by ey X wvAf, where e; is the intensity 
in a band width of one cycle. This display can be referred 
to as the acceleration spectral density spectrum (ASDS), 
a forcing function. Curve 1 represents a gradually in 
creasing spectral density with several maximum resonant 
mode points. Curve 2 represents a structure with a 
strong resonant region. Curve 3 is a valuable concept 
for purposes of analysis as it portrays an acceleration 
spectral density that is constant from 0 to infinite fre 
quencies, white acceleration. 


B. Normal Distribution of Random Accelerations. In any 
band width Af, and even for a single-cycle band width, 
it is helpful to assume that the distribution of accelera 
tions follows a normal or Gaussian display, as indicated 
During vibration it may be assumed that the average 
acceleration is zero, and in a distribution of this kind 
that the rms is equivalent to the standard deviation. 

For a finite band width, g may be replaced by F, the 
excitation in the band; for a band width of one cycle. we 
may replace q by e;, the spectral density (ey = E/¥y Af). 
This distribution indicates that about 68 per cent of the 
accelerations have intensities of 0 to = es; approximately 
28 per cent from +e; to + 2e;; and about 4 per cent 
+ 2ey to + 3ey. In an exact analysis, only about 0.27 
per cent of the accelerations will exceed + 3e, in value 


C. Transmissibility Function of a Single Degree of Freedom 
System; The Output/Input Spectrum. In the most ele- 
mental resonant system, that is one with a single degree 
of freedom, having a mass m, spring constant K, and 
damping coefficient c, the magnification of the input force 
at any frequency would take the form shown. In another 
way this is the output/input spectrum characteristic of 
the simple system and may be looked on as the trans- 
missibility function of a single degree of freedom system. 
This system—and in fact any system—may be exposed 
to any of the forcing functions displayed in Fig. A. The 
net excitation EF to any of these forcing functions is deter- 
mined by graphical or analytical methods using inte 
gration, where E = ,| (fz er°df where e is the spectral 
density and + is the magnification at frequency f. For 
the transmissibility function, curve 3 of Fig. A, the net 
|r 
excitation E = oN -Of, 
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D. Two Complete Transmissibility Functions. In every assem- 
bly of components or component parts, the item under 
consideration is influenced by the transmission charac- 
teristic from the point of application of the force to the 
item itself, that is, its transmissibility function. Curve 1 
represents the transmission characteristic of a typical 
sheet metal chassis having several resonant modes at the 
position that a relay, potentiometer or tube is located. 
Curve 2 represents the transmission characteristic of a 
solid metal catacomb holding the relay and other circuit 
parts. The integration of the stochastic (random) forcing 
function and the transmissibility function now becomes 
the new forcing function that the component part must 
resist. This, in turn, in combination with the transmis- 
sibility function to a sensitive element in the part deter- 
mines its resistance to malfunctioning or damage 


E. Criterion of Component Acceptance Based on Forcing 
Functions i, 2, 3 and Transmissibility Function 4. It can be 
readily realized that a component part such as a relay, 
cannot be economically evaluated for all conceivable 
forcing and transmissibility functions, such as Curves 
1 and 3. However, if the part is subjected to white (con- 
stant) acceleration spectral density over the desired spec- 
trum for the essential time period, there should be a 
spectral density above which it is not reliable. If, on a 
similar basis, the forcing function has the characteristic 
of Curve 1, one may rationalize that the component 
(Curve 2) may be used reliably since if both are to the 
same scale, the capabilities of the part exceeds the force. 
Should the forcing function have the characteristic of 
Curve 3, one would be inclined to say that it is unwise to 
use the part unless it is proven that the e,; limit of the 
part is not due to forces in the a to b frequency region. 
In the absence of this information it would become 
necessary to interpose between the forcing function 
source aud the part a mechanical filter having the trans- 
missibility functions of Curve 4, as an example. This 
will so modify the net force spectrum as to lie below the 
acceptable limits of the part 


F. Stress-Time Characteristics with Reliability Levels. For a 
more complete story of the resistance capabilities of a 
component, component part or even a material the fatigue 
factor must be introduced. With the concept of white 
ASDS we have condensed into a single parameter the 
variables of frequency and acceleration. It could be 
rationalized that a part like a relay may malfunction 
immediately when exposed to some level of e;; at some 
lower spectral density (white spectrum) it could take time 
to produce fatigue leading to malfunctioning. Other 
component parts when exposed to a high value of e, 
cause immediate catastrophic failure; at some lower ey, 
damage would occur only after an appreciable time. 

Curve 1 represents the typical time required to cause 
50 per cent failure for various levels of spectral density. 
Curve 2 represents the typical maximum spectral density 
vs time characteristic for a 0.15 per cent failure rate. In 
either case, the lower the ey value, the longer the time 
exposure will be before failure sets in. Spectral densities 
above the a limit are to be avoided since this is the region 
where failure may occur at once or after some short 
period of time—the uncertainty range. 








to be stressed a sufficient number of cycles to ascertain 
whether its fatigue (S/N) limit has been exceeded. Sec- 
ondary vibrations are also set up to excite other ele- 
ments which the main forcing function can sustain. 

Returning to the sweep technique, it is difficult to see 
the same direct correlation between specifications and 
missile application. How does one arrive at the accelera- 
tion level 15 or 30 g? Is it the highest g measured regard- 
less of time duration and forcing frequency, or is it a 
measured value multiplied by a safety factor to account 
for structure resonance gain? 

To properly appraise the current criteria, it must be 
realized that it takes time for a resonant system to go into 
full excitation. For a resonant system to rise to about 
95 per cent of its full excitation requires a time of 
3Q/xf,. Malfunction resulting from fatigue damage calls 
for sufficient excitation time. If the Q of a structural 
member is high enough it may hardly feel the excitation 
force. 

Therefore, in the sinusoidal sweep technique currently 
used, it is essential that the dwell time vary so that suf- 
ficient time exists at every frequency for full excitation. 
A rate of change in excitation frequency proportional to 
(f{/Q)? does this realistically. This calls for a long ex- 
citation time period at the low frequencies and fast sweep 
at the higher frequencies. A low Q permits faster rates 
of sweep but, since the system has elements with a wide 
range of Q values, the rate for proper excitation can only 
be set arbitrarily. The number of times to repeat the 
sweep to provide a fatigue test can only be established 
by guess. | 


Proposed Relay Evaluation Test 

As already stated, there is a tendency to modify the 
acceleration level vs frequency to more nearly match the 
transmission characteristics of the vehicle considered. 
This has led to a testing facility which can be modified 
so that flat, peaked, or a specific variation of g with / 
can be achieved. Modifying the simultaneous random 
spectrum technique to this criteria is equally possible 
by merely starting with a source with a flat e; vs f spectral 
density characteristic. However, the evaluation of a com- 
ponent must be done on an invariant distribution, and 
a constant excitation in g’s per \/cycle band width is a 
good one to consider. In an actual test one would start 
with a noise signal that is white in energy and modify it 


so it is white in acceleration per \/cycle band width. 





\ relay could be subjected to this spectral density 
forcing function and the level to produce malfunctioning 
recorded. If fatigue is a factor, it should be possible 
to plot an excitation vs time curve for fatigue to produce 
malfunctioning. This concept in a sense corresponds to 
the S/N characteristics so widely used in structural de- 
sign. If the component excitation vs time curve is given 
for definite standard deviations or sigmas (a) below the 
50 per cent failure point with definite confidence inter- 
vals, reliability can be quantitatively established. 

If the missile foreing function is represented by a 
spectrum of varying spectral density, then the designer 
can consider his package technique and decide whether 
the relay can be used on a chassis with some mechanical 
resonant gain, installed with a mounting with unity trans 
mission, or else embody a filter to minimize the peaks of 
the vehicle response. 

The acceptance of acceleration spectral density spec- 
trum (ASDS) testing does not eliminate the need for 
sweep frequencies. Should a component, package or 
product fail to survive a spectrum criterion, the failure 
frequencies must he isolated by a sweep technique and 
resonance or stress concentrations reduced or eliminated. 
When completed, the redesigned unit should have a su- 
perior excitation-time characteristic. Weak spots in the 
component can also be located with this method by using 
a band elimination filter to eliminate malfunctions. 

\t this time a complete acceptance of random simul- 
taneous spectrum testing would be improper. A correla- 
tion study of the current and proposed technique as well 
as simulated and actual flight evaluations to reinforce 
confidence in the new technique are needed. Only then 
can this test method be confidently accepted. 

Finally, it must be realized that a technique of this 
kind requires vibrators that are non-reactive in a test 
spectrum and that have a very large excitation level 
capability. For example, an excitation of 1.0 g per 
\/eycle band width would require, for the 10 to 2000 eps 
spectrum, a vibrator of at least 1.0 x \/1990 Sg. 
To vibrate from 2000 to 10,000 eps, a machine of 1.0 x 
\ 3 00, or about 90 gs, is needed. If it is expected to 
vibrate to destruction, machines capable of producing 
100 2s and 200 gs respectively, will be needed. Such 
facilities are gradually being furnished for small 


masses. 


The writer wishes to thank Dr. R. D. 
University 
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Saltimore, for advice in presenting this subject. 


High Surface Area Tubing Speeds Freezer Operation 





Triangular-shaped refrigeration tubing is used to pro- 
vide maximum surface area for quicker freezing and 
defrosting in the 1956 line of freezers and refrigerators 
manufactured by the Admiral Corporation, Chicago. 
The freezer section combines a bottom freezing plate 
and a top freezing shelf, shown, constructed of copper 
anodized aluminum tubing. Open construction of the 
shelf permits free circulation of cold air for uniform 
temperature control throughout the freezer compart- 
ment. ome me 
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Pressure Recorder 
Uses Newton’s Rings 


Vewton’s interference rings at the surface of a spherical cavity adja- 
cent to a diaphragm are used as a measure of pressure. Instrument 
records on film pressures ranging from O to 50,000 psi, has an ac- 


curacy of 1 per cent and response time measured in microseconds. 


IN THIS AGE OF intensive research and development, the 
measurement of fundamental quantities requires indicat- 
ing and recording instruments of a high degree of ac- 
curacy, fast response, and adaptable to a wide range of 
values. The measurement of transient-pressure events is 
no exception to this requirement, yet an accurate record 
of such events is difficult to obtain with conventional 
equipment. 

\ typical high-frequency response pressure gage is 
composed of a pressure-sensing device, an_ electro- 
mechanical transducer, and an amplifier to allow  in- 
dicating or recording of the event. The sensing device is 
usually a diaphragm or a form of Bourdon tube having a 
small displacement of rotational motion that is propor- 
tional to the applied pressure. This motion is converted 
by the transducer into an electrical signal. This signal 
is amplified and used for indicating or recording. If 
frequency responses above 2000 cps are to be recorded, 
the signal is visually indicated on a cathode-ray tube 
screen and recorded on photographic film with a rela- 
tively high-speed moving-film camera. This method usual- 
ly involves the use of several pieces of equipment, 
frequent calibration, and accurate conversion of the 
electrical quantities into pressure, amplitude, and time 
units for quantitative study. 

It is apparent that by combining the pressure-sensing 
device, the transducer, and the recorder into a single 
compact and portable unit, the problem of obtaining 
basic pressure data in the study of cyclic or transient- 
pressure events would be greatly simplified. This is 
especially so if the instrument is easily adaptable to a 
wide range of values and has rapid response, high sensi- 
tivity, stable calibration, and a high degree of accuracy. 
The fulfillment of these requirements was the general 
design objective in the development of the Beckman & 


Whitley Model 216 Pressure Recorder shown in Fig. 1. 
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Design Objectives 


Investigation of the research and development activities 
concerned with the measurement of pressure determined 
the specific design requirements. The instrument should 
have a range to include pressures from a few psi mag- 
nitude combined with a fast rise (such as found in the 
study of pressure-shock events) to pressures of tens-of- 
thousands of psi (such as found in the study of the in- 
ternal pressures of rifles). The frequency response should 


head. It 
50,000 .psi using 


Close up of pressure recorder with low-pressure 


measures from atmospheric to 


three different 


pressures 
heads. 
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Pressure recorder and control unit. Operation is based 


Fig. 1 
on Newton ring measurements between pressure-sensitive dia- 
phragm and spherical surface of quartz plate. Recording is on 
16-mm film. 


be high in order to include cyclic events, in the study 
of pressures in internal combustion engines of the reci- 
procating and the reaction types. To satisfy the require- 
ments of so wide a field of investigation. the following 
design requirements were specified : 
1. Zero to 50,000 pounds-per-square-inch range 
2. Frequency response to be as high as possible 
3. Accuracy to be within | per cent throughout the 
entire range 
4. Original calibration 
periods of time 
5. There should be freedom from extraneous effects 


should be stable for long 


such as noise 

6. Recording should be continuous for a time interval 
up to several seconds 

7. Direct interpretation of records should be possible 

8. Instrument should operate on standard a-c power 
supply 

9. Instrument should be rugged to withstand hard 
usage. 


Fig. 3—Internal mechanism showing pressure-sensitive head at 
right, lens, timing wheel, film transport and film reels. 


Operation 


The instrument and control unit (Fig. 1) is based 
upon the unique invention of Dr. Willard E. Buck and 
Dr. W. H. Barkas. The phenomena of Newton’s inter- 
ference fringes is used as a means of measuring pressure. 
Interference fringes are formed on the surface of a 
spherical cavity adjacent to the pressure-sensing dia- 
phragm by a self-contained monochromatic light source. 
An image of a narrow section of the interference pattern 
is projected onto 16-mm film moving at high speed. When 
the diaphragm deflects under pressure, the number of 
fringes is directly proportional to the displacement of the 
diaphragm and, consequently, to the applied pressure at 
the outer surface of the diaphragm. Therefore, a change 
in the number of fringes, as recorded on the film, can 
be translated directly into pressure change after calibra- 
tion of the instrument. Time reference marks are placed 
on the film every 0.002 sec during the recording of the 
pressure change, thus giving a complete record of the 
event on a single piece of film. 

Fig. 2 is a diagrammatic portrayal of the major com- 
ponents of the Beckman & Whitley Model 216 Pressure 
Recorder. Monochromatic light is admitted through a 
glass prism and the quartz backing plate, and is reflected 
from the inner face of the diaphragm. Because the 
spherical cavity in the quartz backing plate is coated 
with a half-reflecting film of aluminum and the inner 
surface of the diaphragm is totally reflective, a pattern of 
sharply-defined interference fringes, or Newton rings, is 
formed. However. only a narrow strip of this concentric 
pattern is formed, as the monochromatic light is admitted 
through the glass prism and the upper edge of the prism 
restricts the light reflected from the diaphragm to a nar- 
row strip. The rings then appear as short sections of arcs 
and these are photographed on the moving film as dis- 
tinct parallel lines. Movement of the diaphragm causes 
a change in the thickness of the air space between the 
quartz backing plate and the diaphragm. This makes 
an amplified movement at the sections of are and a cor- 
responding change in the lines recorded on the moving 
film. 

The interference pattern is imaged at the film plane 
by a projection lens at a magnification of approximately 
| to 1. A filter inserted in the optical path screens out 
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Fig. 2—Diagram showing principle elements. Newton inter- 
ference rings are found by light reflecting from spherical 
surface of quartz plate and from flat surface of diaphragm. 
Bending of diaphragm changes light wave interference. Nar- 
row section of rings is recorded as series of lines. In the 
detail sketch, the light rays are partially reflected by the 
spherical surface of the quartz at D and partially by the 
flat polished diaphragm surface at E. The reflected rays from 
both surfaces coincide as at B and C, and having travelled 
different distances, the waves of the two rays interfere with 
each other. If the difference in distance is a multiple of a 
full wave length, the light will be increased. If the distance 
is a multiple of one-half wave length, the light will be de- 
creased or cancelled. This results in a series of light and dark 
areas, known as Newton’s rings. For clarity and simplicity, 
the curvature of the quartz spherical surface is exaggerated 
and refraction is neglected. 


Fig. 4 (left) — Low 
pressure head (right) 
has porous bronze 
filter for protection 
against adverse 
weather conditions. 
Heads for 100 to 20,- 
000 psi (center) and 
for 20,000 to 50,000 
psi do not need such 
protection. Inner 
face, the same for all 
three heads, is at left. 





Fig. 5 (right) —Parts 
used in the low pres- 
sure head (0 to 100 
psi). 
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Pressure recorder with shock tube and contact unit 
during a test. 


Fig. 6 


all except the 5461 A wavelength of light. A cylindrical 
condensing lens is located near the film plane in order 
to reduce the image size in the time direction. Because 
of this image reduction and the high film speed, the in- 
strument will resolve 50,000 cps on the film. 

As shown in Fig. 3, the film transport mechanism and 
the synchronous timing wheel complete the functional 
parts of the instrument. The timing wheel is simply a 
light chopper that allows one edge of the film to be ex- 
posed to the light of the optical system once every 0.002 
sec. The film transport is composed of standard 16-mm 
supply and take-up reels. The film passes over the speed 
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Film record of a pressure-shock event and curve de- 


governor rotor, which drives the governor. The governor 
regulates the speed of the motor. thus maintaining rela- 
tively constant film speed after the initial acceleration 
period. 


Pressure-Sensing Heads 


Design of the pressure-sensing head was the most 
dificult engineering problem encountered. Fig. 4 shows 
the outer face of the three types of pressure-sensing heads 
as well as a view of the inner face. which is the same for 
all three types. On the left side is shown the type designed 
for operation from 20,000 to 50,000 psi. The one on the 
right side is intended for operation from 100 to 20,000 
psi. The upper one is used for pressures from zero to 
100 psi. All of these are very similar to the ones used by 
Dr. Buck in his early work with this type of instrument. 
Basically, the pressure-sensing head is composed of a 
diaphragm with a rigidly-clamped edge. a_ partially- 
transmissive, spherically-concave backing plate, a prism. 
and a stainless-steel housing. 

This type of diaphragm was selected as the pressure- 
element because it was the easiest to 


sensing manu- 


facture, required no seal at the edge for the pressure 
medium, and could be made in one piece. However. 
prediction of the deflection for a given pressure was 
more difficult analytically because of the rigidly-clamped 
edge. The limit of linear response of the diaphragm was 
determined by the reverse bending of the diaphragm 
and not by the elastic limit of the material. An explana- 
tion of this limit of linear response is given in the dis- 
cussion of the calibration and use of the instrument. 
Fig. 5 shows the low pressure (0-to-100 psi) pressure- 
sensing head. Shown from top to bottom in the picture 
are the stainless-steel housing, * prism-mounting clamp. 
light mask and gaskets. backing plate and diaphragm 
optically 


contacted with 


Porex 


prism in position, damping 
Fused quartz 


was used as the material for the low-pressure diaphragm 


device, and porous bronze filter. 
because of its low internal energy loss, low temperature 
coefficient, and the ease with which two quartz surfaces 
may be optically contacted. The backing plate for the 
low pressure head as well as for the higher pressure 
heads is also fused quartz for the same reasons as given 
above and because of its transparency. 

The cavity in the backing plate is designed to form 
0 fringes with the mercury lamp used (5461 A wave- 
length) when the adjacent diaphragm is flat or in the 
Therefore. the maximum de- 
flection of the diaphragm for the maximum designed 
All of the diaphragms 
were designed such that the maximum fiber stress cor- 
responding to the maximum deflection were well within 
the elastic limit of the material used. The damping de- 
vice is simply a rigid plate with a threaded plug in the 
center. A small drop of silicone oil is inserted between 
the plug and the pressure side of the diaphragm. 

As the diaphragm deflects rapidly the oil drop moves 
laterally along the face of the diaphragm and absorbs 
the vibration energy in the viscous movement of the oil. 
The threaded plug allows adjustment of the damping 
device, which is used on the low-pressure diaphragm 


zero-pressure condition. 


pressure is less than 0.0005 in. 


only as this one is designed to operate in air or other 
gases as the pressure medium. The damping device is 
adjusted to pass vibrations up to the critically-damped 
frequency. which is set just below the lowest natural 
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Fig. 8—Film record of 
zero pressure change. 
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frequency of the diaphragm in order to prevent the dia- 
phragm from being excited at its natural frequency. At 
the natural frequency of the diaphragm, the amplitude 
of the deflection of the diaphragm would not be a valid 
linear indication of the applied pressure. 

The Porex filter is for weather protection and allows 
use of the instrument in adverse climatic conditions. 
This filter is quite effective in preventing the passage of 
water as well as minute dust particles, yet it does not 
affect the pressure-transmission abilities of the pressure- 
sensing head. 

The two sensing heads for higher pressures have the 
same basic components, except that the damping device 
and the Porex filter are not required because the pres- 
sure medium is oil and the frequency response is a 
function of the length of the oil line and the viscosity 
of the oil used. However, the material of the diaphragm 
is steel rather than quartz in order to withstand the 
higher stresses resulting from the higher pressures. Con- 
siderable experimentation was required to obtain a 
practical 50.000-psi diaphragm. 

It was found that approximately 40 per cent of the 
total deflection of the diaphragm at 50,000 psi was a 
result of the entire diaphragm (including the supposedly 
rigidly-clamped edge) bending. At these higher pres- 
sures the edge of the diaphragm was no longer in con- 
tact with the flat face of the backing plate. hence the 





actual deflection of the diaphragm with respect to the 
concave surface of the backing plate could not be 
predicted analytically. After several experimental dia- 
phragms were made and tested, an empirical relation- 
ship between diaphragm thickness and desired pressure 
range was obtained because the maximum fiber stress 
was still well within the elastic range of the material. 

Little difficulty was encountered in the design of the 
optical system except for the selection and housing of the 
mercury lamp. The lamp selected is from a General Elec- 
tric 85-watt No. H85-A8 mercury are lamp. This 
lamp is an intense light source and is strong in the 
5461 A mercury green wavelength. However, the lamp 
venerated considerable heat and the cast-aluminum hous- 
ing was designed with vents and cooling fins to dissipate 
the heat. 
provide additional cooling as well as to eliminate the 


A small motor driven blower was added to 


formation of condensation that occurs when starting 
the lamp in cool weather. 

The film transport system is quite simple and easy to 
load. Both the supply and take-up reels are standard 
100-foot 16-mm daylight-loading reels. However, it was 
required that the film attain a speed of 100 ft per sec 
in order to resolve 50,000 cps on the film. In addition, 
it was necessary to accelerate the film to this speed in 
the shortest possible time to use as much of the film 
as possible for recording of the event. The resulting 





Fig. 9 
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Film record and plotted data of typical pressure change event. 
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Fig. 10 


design is essentially as shown in Fig. 3. The film drive 
motor is rated at 44 hp at 10,000 rpm. and operated on 
115 volts a-c. It accelerates the film from zero to 100 
fpm in less than 0.2 sec. The timing motor is of the 
The 


governor rotor, and take-up reel are maintained in 


single-phase synchronous _ type. supply _ reel. 
accurate alignment to prevent any lateral movement of 
the film during operation. It was necessary to install a 
drag brake on the supply reel shaft to prevent film flut- 
ter as well as to provide the tension in the film required 
the with 


drag brake is adjustable to compensate for wear on the 


to drive governor minimum slippage. The 
brake ring. The governor is a Lee governor of the 
centrifugal type and merely opens and closes the motor 
power circuit to regulate the motor speed, thus main- 
taining a constant film speed. When the end of the film 
is reached, the direction of motor rotation is reversed 
by means of a miniature precision switch actuated by 
the loose end of the film as it is whipped around the 
take-up reel. As the motor comes to a stop, a delay ar- 
rangement shuts off the power before the motor can 
actually reverse direction. This braking action permits 
use of the entire length of film to within a few inches 
of the end. 


Calibration and Use 

Initial calibration is very stable and independent of 
barometric pressure. It is not affected by noise level o1 
electrical interference. and the single variable under 
investigation is the only one to which the instrument 
responds. The calibration is performed statically with 
a dead-weight tester of the differential, free-piston type. 
The static calibration is valid and equivalent to the 
dynamic conditions encountered in normal use. 

In‘ addition to the dead-weight tester, a shock tube 
is used to set the damping device of the low-pressure 
diaphragms. Fig. 6 shows the instrument, control unit, 
and shock tube set up for a typical run. Fig. 7 shows 
the film record and pressure-time plot of a typical shock- 
tube event. Notice that three distinct shock waves were 
recorded and that the rise time of the first was less 
than 200 microsec. 

After the calibration determined 
particular diaphragm, the instrument may be used to 
measure and obtain a pressure-time plot of any transient- 
pressure event within the range of the diaphragm used. 
In determining the magnitude of a change in pressure 
as indicated by the pressure recorder, it is only neces- 
sary to count the number of fringes appearing between 


curve is for a 
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Record of reversal phenomenon showing false center. 


the center of the interference pattern and the zero tringe 
reference (see Fig. 8) at whatever points are chosen 
with respect to the time base. The difference between 
the number of fringes counted at a point of unknown 
pressure and the number counted at a known pressure, 
when multiplied by the calibration constant for the dia- 
phragm, gives the pressure change in psi. A reference 
record of zero gage pressure may be obtained by ex- 
posing a strip of film while the diaphragm is at atmos- 
pheric pressure. Fig. 9 is an illustration of this method 
of analysis. 

\s mentioned the discussion of — the 
design of the diaphragm, the limit of linear response 
was determined by the reverse bending of the diaphragm 
and not by the elastic limit of the material used. The 
explanation of this phenomenon is as follows. Within 
the linear range of the diaphragm, the center of the 
diaphragm is always farther from the concave backing 
plate than is any other point on the diaphragm surface. 
The limit of linear response is reached when the center 


previously in 


point and some other point on the deflecting surface 
are equidistant from the concave surface of the backing 
plate. This reverse bending is characteristic of a dia- 
phragm with a rigidly-clamped edge. 

As the limit of linearity is exceeded, the center of the 
diaphragm is closer to the concave surface than any other 
point on the deflecting surface. Under this condition the 
film record will appear to have two centers: a real center 
in its usual location, and a false center that will appear 
between the real center and the edge of the film record. 
For example. if a decreasing pressure change is recorded 
with the initial value above the linear range and reduced 
to zero, the film record will show fringe lines diverging 
from the apparent or false center toward both the real 
center and toward the opposite edge of the film. The 
lines near the true center of the fringe pattern will in- 
dicate an increasing pressure rather than the true de- 
creasing pressure. This phenomenon is indicated im- 
mediately by a characteristic fringe pattern similiar to 
that shown in Fig. 10. This portion of the film record 
is invalid, because the fringe count is not a linear fune- 
tion of the pressure change at the diaphragm surface. 

The Beckman & Whitley Model 216 Pressure Recorder 
was designed primarily as a portable instrument to 
measure transient pressure events. However, the char- 
acteristics of stable calibration, fast response, ard great 
amplification make the instrument usable to measure 
displacements related to any phenomenon which can be 


translated to linear motion. Ooo 
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lia. | In addition to its amplifying function, the magnetic amplifier provides a convenient 
nce i ° ° rh . . Je . “- 
pe | means for comparing two or more signals. This facility makes the magnetic amplifier 
me applicable as a regulator in many industrial control circuits. To be presented 
nod ; 
in two parts. the article begins with an explanation of regulator operation. 
the 
nse 
em 
lhe 
hin 
the ONE OF THE MOST FREQUENTLY required operations in an 
ing Selestetel conte - = =a is Control 
8 industrial control system is the regulation of some <—— crrettl) 
wes. quantity such as current, voltage, speed or tension. While 
iter . aa ; D-c 
this function can be accomplished by many means, the 
— magnetic amplifier offers certain benefits that are bringing Control 
me this device increasing prominence as a regulator. It is a winding (Nc) 
lia- | static element and. hence, is inherently rugged and re- Load a 
liable. But even more important, perhaps, is the ease A-c winding (N,) “i. 
the with which the magnetic amplifier can be made to match oo 
her or compare two or more signals. This matching or com- 
the paring is almost invariably incorporated in a regulating (A) 
iter control. The regulating action of a magnetic amplifier can 
ear be explained in terms of fundamentals. 
rd. The magnetic amplifier is a high-gain, sensitive device 
led es ' “yp amare Fig. 1—(A) Simple half- 
a when proper: y vr . It is essentially ” controlled 1m- wave circuit for a mag- 
om pedance in series with a load, both of which are connected netic amplifier. (B) Hyst- 
Ing to an a-c source. When the load requires direct current. eresis loop for special mag- 
eal a bridge-type rectifier is connected in series with the netic core material. (C) 
The ; oo ae ‘ <. s Curves showing relation- 
magnetic amplifier. The controlled impedance is in the : 
; : : ship between supply and 
in- form of a square-loop core material whose flux is con- load voltages. 
de- trolled or preset by external means. 


im- A simple half-wave circuit, Fig. 1, can be used to (B) 






to illustrate the theory of operation of the magnetic amplifier. 
ord It can be assumed that control current /, is such that on . 
m- 7 the BH curve the initial magnetizing force H is at point ] — A-c supply voltage 
ice. | when the supply voltage begins to rise. This assumption 00d voltage (V,) 
der is valid because the rectifier blocks any reverse current . 5 
to for negative half-cycles so that the only ampere-turns on 
\ar- the core are those from the control winding. As the supply 
‘eat voltage rises from zero, a small magnetizing current 
ure begins to flow, causing the flux in the core to increase. = 
-~ The dotted lines from points ] to 2 in Figs. 1B and 1C c) 


show the core flux and resulting load voltage for this 
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Fig. 2—Group of curves show progressive increase in load 


voltage for different numbers of control ampere-turns. 
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Fig. 3 
Shaded area represents the integral of the applied 
voltage from zero to the point at which saturation 


Change in core flux vs applied volt-seconds. 


occurs. 
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Fig. 4—When core flux changes from O« to +@s, the entire 
supply voltage will be absorbed by the core, as indicated by 
shaded area of curve. 


(left)—Transfer curve for 


idealized square-loop core material. 


Fig. 5 


Fig. 6 (below) —Effect of bias ampere- 


turns on the transfer curve. 
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condition. When the flux reaches point 2, the core goes to 
saturation so that its impedance is essentially zero. The 
supply voltage then appears entirely across the load, as 
shown by point 3 of Fig. 1C. The ampere-turns resulting 
from the load current cause the operating point after 
saturation to move out on the B-H curve to some point 3. 
When the supply voltage decreases to zero, the operating 
point on the B-H curve moves to point 4. During the 
negative half-cycle, the core flux is reset to the value as 
determined by the control-winding ampere-turns. 

For a given supply voltage, the point at which the core 
saturates is determined entirely by the control winding 
ampere-turns. The effect of different control ampere- 
turns on the load voltage is shown in Fig. 2. The relation- 
ship between load voltage, supply voltage and core flux 
can be shown mathematically by means of the volt-second 
concept. [t is known that for a pure inductance: 


do (1) 
e Vi - 10-8 
dt 
where e voltage across the inductance (assuming 


a pure inductance, the induced voltage 
is the same as the applied voltage) 
NV; number of load turns 


Since e Kb, sin wt (before saturation, neglecting 
[RP drop due to magnetizing current)(2) 


Vide x 10 " (volt sec) 3) 


ie 
/ sin of dt (volt-sec) 
0. 


Ey, sin wt dl 


Ds 
ViC10-8) / do 


Ow 


rey 


*t (4) 
or: Vz Ad 10° k | sin wf dt (volt-sec) 
0 
Where: A@ change in flux to saturation od, +o 
f = point at which saturation oceurs 
o initial value of flux 
o saturation flux 


Eq. 4 is shown graphically in Fig. 3. The shaded area 
represents the integral of the applied voltage from zero 
to the point at which saturation occurs. This integral has 
the dimensions of volt-sec. In other words, for an initial 
flux %,, a given number of volt-seconds is required in 
order for the flux to reach its saturation value @,. The 
concept of using volt-seconds to saturate a core is some- 
what analagous to the use of ampere-seconds, or coulombs. 
to charge a capacitor. 

In actual practice, the load turns N;, and the supply 
voltage E,,, are selected so that the volt-seconds for the en- 
tire positive half cycle will cause the core flux to go from 

0. to +0,, when the algebraic sum of all the control 
ampere-turns is such that the flux is —#, at the begin- 
ning of the positive half cycle. For this condition, Fig. 4, 
the entire supply voltage will be absorbed by the core. 
Then, by properly controlling the control ampere-turns. 
the load voltage can be determined as shown in Fig. 2. 

The curve showing the relationship between the load 
voltage and control ampere-turns is known as the transfer 
curve, or transfer characteristic. A typical transfer char- 
acteristic for a magnetic amplifier having an idealized 
square loop core material is shown in Fig. 5. When there 
are no control ampere-turns, the output is a maximum. 
If a separate control winding is used to apply a net nega- 
tive, or bias, ampere-turns to the core, the transfer curve 
will be as shown in Fig. 6. The bias winding has the effect 
of shifting to the right, so that the output is a minimum 
when the control ampere-turns are zero. 

Note that the transfer curves of Figs. 5 and 6 do not 
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reach zero output volts. The reason for this is because 
even the so-called square-loop core materials used in 
magnetic amplifiers have a finite permeability. That is, a 
definite magnetizing current is required in the load wind- 
ing to overcome the reluctance of the magnetic circuit. 
For gapless toroidal cores made of Hypernik, the mini- 
mum output current is on the order of 0.002 to 0.03 amp, 
depending on the size of the core. Type C Hypersil cores 
have a minimum output on the order of 0.5 amp in the 
larger sizes. The larger toroidal cores have minimum 
outputs on the order of 0.5 to 2 volts, depending on the 
value of the load resistance. 

Effects of Back Leakage. The transfer characteristic 
shown in Fig. 6 has a certain slope in the linear range. 
For a perfect blocking rectifier, the slope of this curve 
will be the same as the slope of the B-H curves shown in 
Fig. 1B, on an equivalent basis. Rectifier back leakage 
will reduce the slope of the transfer characteristics, as 
shown in Fig. 7. 

As back leakage increases, the core flux will reset in 
the negative direction during the negative cycle of supply 
voltage. Consequently, with back leakage a greater amount 
of control ampere-turns are required to provide a given 
output. Thus, rectifier back leakage has a negative feed- 
back effect. Usual practice in applying self-saturating 
rectifiers is to minimize the back leakage by derating the 
rectifiers and using higher quality rectifier units. 

Variations in both a-c supply voltage and frequency will 
also effect the output characteristics of magnetic amplifiers. 
The effects of variations in a-c supply voltage are shown 
in Fig. 8. For a given total control ampere-turns, an in- 
crease in the supply voltage will cause an increase in 
output volts and vice versa. In general, the supply voltage 
variations should not exceed +5 per cent for optimum 
performance in a closed-loop system. When the variations 
in the a-c supply are expected to exceed +5 per cent. a 
regulating transformer or a separate a-c source should 
be supplied. For two-stage magnetic amplifiers it is 
usually satisfactory to use a regulating transformer in 
the a-c supply only for the first or amplifier stage. 

Changes in supply frequency will affect the value of 
saturation voltage primarily. In general, magnetic ampli- 
fier operation will be satisfactory as long as the supply 
frequency variations are within +1 cycle of the nominal 
value. 

A magnetic amplifier is known as a carrier-type ampli- 
fier, because its response to a change in control signal is 
carried on the a-c supply. This means that the response 
time cannot be less than one-half the period of the supply 
frequency. Also, the magnetic amplifier size for a given 
power output is determined by the supply frequency in 
much the same manner as for a transformer. 

Therefore, when extremely fast response is required 
and when a large number of amplifiers are to be used 
for a complete system, it is usually advantageous to apply 
a separate high-frequency power supply. Usual practice 
for these types of systems is to supply a separate 400- 
cycle alternator. However, the majority of regulating 
systems operate satisfactorily at the common supply 
frequencies from 50 to 60 cycles. The simple over-riding 
current-limit system can be used with a supply frequency 
as low as 40 cycles. 

The transfer characteristics of Figs. 5, 6, and 7 show 
load voltages vs control ampere-turns. This method of 
showing output vs input is useful in understanding the 


NOVEMBER 1955 


Effect of recti- 
leakage on the 
curve. A 
rectifier is one having no 


Fig. 7 (left) 
fier back 
transfer perfect 
back leakage, while a poor 
rectifier is characterized by 
considerable leakage. 


Fig. 8 (below)—Variations 





in a-c supply voltage affects 


the shape of the oe 


transfer 
curve as shown. 


Control omp-turns 


theory of magnetic amplifiers. However, usual practice 
is to show the performance characteristics in terms of 
control ampere-turns vs load amperes for a given load 
resistance. By showing the performance characteristics in 
this manner, the effect of the load-winding resistance on 
load voltage can easily be determined. Also, for a given 
magnetic-amplifier load-winding design, various tempera- 
ture rise lines can be plotted for various values of load 
resistance. This permits plotting a curve of output watts 
superimposed on the control characteristic for various 
load resistances. Also, for a given load resistance and load 
winding, the system gain can be determined quite easily. 
The effect of changing the load resistance can also be 
examined easily in terms of output watts and system 
gains. A typical set of transfer curves for a. magnetic 
amplifier using a Hypernik core is shown in Fig. 9. 
Saturation occurs at approximately twice load amperes 











Fig. 9—Transfer curves for typical magnetic amplifier. Solid 
lines show a-c load current for the load resistance indicated. 


Dash lines are curves for output power. 
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Contro! windings 





Fig. 10 (above)—Basic magnetic-amplifier doubler 
circuit. In certain respects it is similar to the doubler 


circuit used in d-c electronic power supplies. 


Fig. 11 (right) 


as the load resistance is halved. If the load winding had 
zero resistance, this would be exactly one-half. For each 
load, the saturation takes place when approximately 
rated voltage is being delivered to the load. 

The circuit shown in Fig. 1 is not a practical circuit for 
several reasons. First, the output is half wave, which 
means that the circuit has a definite limitation regarding 
output power and efficiency. Second, the control winding 
is, in effect, the secondary of a transformer as seen by the 
supply voltage. The induced voltage in the control wind 
ing would tend to nullify the effect of the control ampere- 
turns. For this reason, the control winding impedance 
must be quite high. Third. the self-saturating rectifier 
must be designed to withstand the entire negative supply 
voltage with minimum back leakage. 

Doubler Circuit. There are several circuits that can 
be used to overcome the limitations of the simple half- 
wave circuit. The circuit that is finding the greatest usage 
in industrial applications is shown in Fig. 10. This circuit 
is known as the doubler circuit. because in certain respects 
it is similar to the doubler circuit used in d-c electronic 
power supplies. 

The doubler circuit consists of two separate cores with 
load windings; control windings; a self-saturating rectifier 
for each core; and a bridge type rectifier to supply direct 
current to the load. The circuit is arranged so that one 
core conducts while the other is cut off for alternate 
half-cycles of supply voltage. This permits the use of a 
bridge-type rectifier to obtain a full wave output. The 
control windings are connected in series between cores so 
that the fundamental and odd harmonics are cancelled in 
the control windings. This eliminates the need for high 
control-circuit impedance. 

Examination of Fig. 11 will show how the induced 
fundamental and odd harmonics are cancelled in the con- 
trol windings of a doubler circuit. The voltage induced in 
the control winding on core ] because of flux buildup 
during its conducting half-cycle is cancelled by the voltage 


induced in the controi winding on core 2 because of its 
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Core fluxes and induced con- 
trol-winding voltages for a doubler circuit. 








Lood 


flux collapse, or reset, during the same half-cycle. A con- 
venient means for checking contrel-winding interconnec 
tions between two separately mounted magnetic-amplifier 
cores is to connect an a-c voltmeter across the two remain- 
ing terminals of the particular control winding. If the 
voltmeter does not read, the interconnections are correct, 
because the induced voltages have been cancelled. 

The doubler circuit also permits a more liberal design 
of the self-saturating rectifier regarding back leakage, 
since the only back voltage across the rectifier is the 
voltage drop in the load winding of the opposite core, 
plus the forward voltage drop in the other self-saturating 
rectifier. The back leakage of the bridge-type load recti 
fiers does not affect the performance. Thus, ordinary 
commercial selenium rectifiers can be applied for this 
function. 

High-Gain Amplifiers. In applying magnetic ampli- 
fiers, the designer should use single-stage units wherever 
possible. For applications requiring higher system gains 
than obtainable with a single-stage unit, he is left with 
two alternatives. The first is the use of a two-stage ampli- 
her. which generally will increase the overall cost of the 






Control pattern 


Fig. 12—Method for connecting self-energizing and anti-hunt 


windings in a doubler circuit. 
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regulator. Second, increased gain can be obtained from 
a single-stage magnetic amplifier with a positive feedback 
system. 

The simplest way to increase gain by positive feedback 
is to add a self-energizing or self-saturating winding. The 
self-energizing winding feeds back cumulative ampere- 
turns to the core proportional to the output load current. 
This means that less ampere-turns are required in the 
control windings to obtain a given output from the 
magnetic amplifier. 

The self-energizing winding increases the steady state 
gain but has little or no effect on dynamic gain (transient 
response). Although this can be shown mathematically, it 
can also be visualized by noting that the output load 
current causes the self-energizing effect. The response of 
the load current to a system transient is delayed by the 
time delay of the magnetic amplifier and by the time delay 
of the load itself. Thus, the increase in gain due to self- 
energization does not contribute to the system response 
during a transient disturbance. When high dynamic gain 
is required, it is necessary to use two-stage devices or, 
in the case of a single-stage unit, to increase the power 
input to the control windings. 

\ doubler circuit with a self-energizing winding is 
shown in Fig. 12. This winding is shown connected to 
terminals 3 and 4. For magnetic amplifiers with C-cores, 
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Fig. 13 (above) —Effect of self-ener- 
gizing winding on transfer curve. 


Fig. 14 (below)—Change in transfer characteristics 
effected by the use of a self-energizing winding. 
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the self-energizing winding consists of several turns of 
wire large enough to carry the entire load current. The 
ampere-turns of the self-energizing winding when carry 
ing the entire load current usually result in too great 
a self-energizing effect. The differential winding 5-6 
is added to decrease the self-energizing effect to give the 
desired steady state gain. This differential winding is 
known as the anti-hunt winding since, being differential 
and shunt connected, it has a stabilizing effect. This type 
of self-energization is used on C-core amplifiers to allow 
for inconsistencies that appear in core magnetic char- 
acteristics due to manufacturing tolerances, and because 
usually a sizable amount of ampere-turns are required 
to give the desired amount of self-energizing. With 
toroidal-core magnetic amplifiers, the magnetic character- 
istics of the core are most consistent. Also, less self- 
energizing ampere-turns are required to obtain the de- 
sired steady state gain. The self-energizing winding is 
wound with a large number of turns of wire of the same 
size as that of the control windings. The self-energizing 
current is then obtained by shunting the winding across 
a small dropping resistor in series with the load. 

The transfer curve of a typical C-core magnetic ampli- 
fier for a given load resistance, with and without the self- 
energizing winding in the circuit, is shown in Fig. 13. 
The effect of the self-energizing winding is to make the 
transfer curve more steep. In other words, the control 
ampere-turns required to go from minimum to maximum 
output have been decreased. Care must be used in apply- 
ing a self-energizing winding, because the regulator will 
be unstable if the resulting transfer curve is too steep. 
Usual practice in determining the strength of the self- 
energizing winding is to adjust the slope of the transfer 
curve to meet the required system accuracy. In the case 
of a magnetic amplifier used to regulate armature cur- 
rent, tuning is used to provide a steep slope to minimize 
the amount of control ampere-turns required to go from 
minimum to maximum output. This results in holding 
the regulated current more closely over the production 
speed range and also permits the use of a smaller /R-drop 
signal in the armature circuit. 

Per Cent Tuning Concept. In considering self-ener- 
gizing windings, the concept of per cent tuning is com 
monly used. Fig. 14 illustrates per cent tuning when 
using a self-energizing winding. For C-cores, tuning is 
usually done by adjusting the resistor in series with the 
anti-hunt winding. This is resistor RJ in Fig. 12. In- 
creasing this resistance will increase the slope of the 
transfer curve. Self-energized toroidal-core magnetic 
amplifiers are tuned by adjusting a resistor in series with 
the self-energizing winding. 

Usual practice when using a self-energizing winding 
is to keep the per cent tuning as low as possible for 
stability reasons, while still meeting the required steady- 
state system accuracy. The per cent tuning should not 
exceed 80 to 90 per cent. The amount of tuning is usually 
set on the test floor before shipment and checked before 
the drive is started up, by plotting a transfer curve and 
comparing it with the test floor curve. O00 


The second part of this article is to appear in the December 
1955 issue of EvectrricaL Manuractrurinc. It will deal with 
descriptions of the basic magnetic-amplifier regulating circuits, 
including those that are sensitive to speed. current and tension 
Specific applications will be presented. 
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DIFFUSION ZONE 


BASE METAL 


Surface diffusion of chromium competes in many applications with stainless 


steel and chromium and nickel plating. Superior properties plus lower 


costs offer significant advantages to designers of electrical equipment. 


HIGH TEMPERATURE DIFFUSION OF CHROMIUM into the sur- 
face of ferrous and certain non-ferrous metals is cur- 
rently being used by a number of electrical manufacturers 
for increased heat, corrosion and wear resistance. Known 


as Chromallizing,* 


the process is akin to such diffusing 
methods as carburizing and nitriding, and distinct from 
processes like electrolytic or vacuum deposition in that 
an agent (in this case chromium) is diffused into and al- 
loyed with the base metal rather than deposited as a 
distinct layer on the surface, Fig. 1. The treated object 
has a ductile case of chromium-iron alloy. Because the 
case is integral with the base metal, spalling or separation 
cannot occur and the material can be bent, drawn, swaged 
and formed without causing any surface breaks. 

Surface characteristics of ferrous articles treated de- 
pend on the carbon content of the base metal. Where 


* Controlled by The Chromalloy Corporat 150 Tarrytown Rd., White 
Plains, N. Y. 
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this is 0.10 per cent or lower. surface properties are simi- 
lar to those of Type 430 (16 per cent Cr) stainless steel. 
When the base metal is relatively high in carbon content 
(0.60 per cent and up) the diffusing chromium combines 
directly with the carbon of the steel to form a hard sur- 
face layer of chromium carbide. While theoretically there 
is no limit to the depth to which the chromium can pene- 
trate, the time necessary for diffusion puts a practical eco- 
nomic limit of about 0.005 in. to the depth developed 
in low-carbon steels and about 0.002 in. on high-carbon 
steels. 

Applications. A typical application of the process is 
shown in the rectangular strip heater casings, Fig. 2. De- 
signed to operate at 1200 F, these casings have to undergo 
severe forming and crimping during fabrication. Type 430 
stainless steel was formerly specified for the tubing; how- 
ever, because of its lower cost (approximately 20 per cent), 
SAE 1010 steel, chromium treated inside and out, is now 
specified. In addition to the faster fabrication times ob- 
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Fig. 1—Diffusion structure of chromized case 


out of the structure occurs at 12 per cent chromium content. Composition 


SAE 1010 steel, 500x. The gradual fading 


of the case is 


graded from 12 per cent Cr at the apparent interface to about 35 to 40 per cent Cr on the surface. 


tainable with the 1010 steel tool. maintenance costs are 
lower because of decreased tool wear. 

A similar high-temperature application is found in the 
electric burner plate and pins, Fig. 3. The plate is chro- 
mized in the flat condition and bent into U-shape in the 
assembled units. Spacer pins are projection welded to the 
plates with no loss in resistance to heat or corrosion. 

Soldering iron cores, formerly made of bronze, are now 
being manufactured from chromized steel, Fig. 4. In this 
application it was discovered that because of continued 
wear at the tip of the iron many operators gradually pulled 
the tip out of the core. The decrease in contact area 
between the two parts resulted in poorer heat dissipation 
at the tip and overheating in the hollow region of the 
core. As a result of this condition, the bronze cores 
tended to collapse in the unsupported area, thus prevent- 
ing proper seating of new tips when inserted in the core. 
In addition to providing superior heat resistance, the 
thermal conductivity of the chromized core is about the 
same as the bronze core. The carbon steel core has a 
conductivity of 31 Btu sq ft/hr/deg F, as compared to 
22 and 35 Btu/sq ft hr/deg F for the two bronze alloys 
used previously. 

Of particular interest to designers of magnetic com- 
ponents is the fact that chromizing can be used for sur- 
face protection without detriment to the magnetic prop- 
erties of the base metal. As applied to aircraft instrument 


armatures, Fig. 5, the chromized case is an alloy layer 
with magnetic properties only slightly different from the 
base metal. Base metal is Armco ingot iron and the parts 
are made as precision castings. Ordinarily, sufficient cor- 
rosion protection would be achieved with chrome plating: 
however, since this plating is non-magnetic the perme- 
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ability of the entire armature assembly would be de- 
creased. 

Properties. Chromized 1010 steel displays heat resist- 
ance equal to or better than some stainless steels, alumi- 
num coated or copper-plated steel, and even certain high 
nickel alloys. After 1000 hr at 1200 F the weight gain 
of chromized 1010 steel is within the same range (2-5 
mg/cm2) as 17 per cent Cr, 28 per cent Cr, and 18-8 
stainless steels and Inconel. This weight gain compares 
with 1620 mg/cm? for unprotected steel and 2780 
mg ‘cm? for copper-plated steel. 

In short-time blow torch tests at 1800 to 2200 F the 





) 


Fig. 2 


General Electric strip heater casings, 1/32-in. thick, 
chromized before forming. Crimp indicates ductility of the 
treated SAE 1010 steel case. 
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material has proved superior to aluminum coated steels. 
At temperatures below 900 F the surface does not discolor. 
The process can also be applied to certain non-ferrous 
metals such as molybdenum, high nickel alloys and cer- 
mets and non-metallic materials such as graphite, carbon 
and ceramics. 

Stainless steels are normally considered heat resistant 
in themselves. However, it is claimed that additional im- 
provements, especially where combustion gases and cor- 
rosive fuels are involved, can be achieved by chromizing. 
For example, heat cycling tests performed (from 1600 
to 300 F every 30 min for a total of 400 hr) with both 
310 and Type 304 stainless steels showed a weight loss 
of 0.1703 and 0.1265 gm/cm* respectively. No measur- 
able change was observed with the chromized material. 

Recommended Steels. The type of steel selected is 
determined primarily on the basis of service function. 
The process works on almost all types of steel and cast 





Fig. 5 
corrosion resistance and increased permeability. Minneapolis- 
Honeywell Regulator Company. 


Aircraft instrument armature castings, chromized for 
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Fig. 3 (left) 
ponents of a 
paint burner. 
are treated 
assembly. 


Chromized com. 
General Electric 
Plate and pins 
before forming and 


1010 


Fig. 4—Chromized 
soldering iron core designed for 


steel 


Vulean Elee- 


operation at 965 F. 
tric Company. 


irons and improved oxidation resistance at elevated tem- 
peratures can be obtained in all cases. For best all around 
use 1010 steel is recommended where high strength at 
elevated temperatures is not required and where form- 
ing operations are to be performed after treatment. For 
parts requiring high strength at elevated temperatures 
stainless steel type 304 is recommended. Other base ma- 
terials used for applications involving heat are ingot iron, 
SAE 1020, cast iron, ductile (nodular) cast iron, air 
hardening tool steel, Type 310 stainless, A-286, Hastelloy 
“B” and others. Malleable iron is preferred for castings 
where toughness is required. 

Heat Treatment, Forming, Finishing and Joining. 
In almost all applications where the heat resistance of a 
chromized case is utilized, subsequent heat treatment or 
finishing operations are not required. It should be real- 
ized, however, that after chromizing, all steels are in the 
fully annealed condition. If this is undesirable, subse- 
quent heat treatment can be applied without affecting the 
characteristics of the case. 

Chromized low-carbon steel parts can be bent, drawn, 
crimped, spun and staked. They can also be projection, 
spot or seam welded, fusion welded (using stainless steel 
rods) and brazed (using fluoride flux and higher than 
ordinary temperatures). Soldering is not recommended. 

The chromized case applied to low-carbon steel to 
obtain heat resistance has several unique advantages over 
plating and other coating methods. It possesses consid- 
erable ductility so that relatively severe forming opera- 
tions can be performed subsequent to treatment and, 
as in the case of electric strip-heater sheath, will with- 
stand thousands of cyclings at wide temperature ranges 
without appreciable oxidation or distortion. The basic 
properties of the steel are not changed; heat and elec- 
trical conductivity and magnetic properties are not af- 
fected and the steel is not embrittled. The surface created 
is resistant to wetting by molten metals and corrosive 
media present in combustion gases and in liquids handled 
at elevated temperatures. O00 
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High-Density Tape Recording for 


DiGitAL 
TAPE as great as 700 per in. are record- 
ed in a method recently developed by 
the National Bureau of Standards. Such 
high-density storage can greatly reduce 


PULSE DENSITIES ON MAGNETI( 


problem solution time by providing 
rapid access to information recorded 


on external magnetic tape units. In a 
series of experiments performed by J. 
R. Sorrells of the Bureau’s data proces- 
sing laboratory, both continuous-current 
and pulse techniques were investigated 
to achieve densities in the range of 500 
to 700 pulses per in. Recording and 
reading circuitry was also developed to 
provide large-amplitude playback  sig- 
nals with error-free differentiation be- 
tween binary ones and zeroes. 

An integral part of many large high- 
speed electronic computers is some type 
of magnetic tape storage system which 
serves as an input-output means, as an 
external low-speed memory, or in some 
cases as both. In solving problems rela- 
tively little actual computation is per- 
formed. but a great deal of data must 
be handled and assimilated by the 
computer. Ideally, the magnetic tape 
system would supply or data 


from the machine fast enough so that 


receive 


the computer could proceed with the 


problem normal rate. 


In reality, however, the maximum rate 


solution at its 


at which information can be accommo- 
dated by the tape unit is usually very 
slow compared to the speed of the 
machine because of tape speed limita- 
tions and the comparatively low density 
at which 


information is commonly 


stored on the tape. 


Used With SEAC 


The Bureau’s investigation has been 


directed toward improving magnetic 
tape storage techniques to permit more 
rapid transmission of information to 
the computer by increasing the number 
of digital pulses recorded on each inch 
of the tape. Already 
the NBS 


are tape drive units 


in operation with 
SEAC 
that provide high- 


electronic 
oo 


computer 


speed starting, stopping. and reversing 
of magnetic tapes, together with maxi- 
mum practical tape speeds. 

One variation of the non-return-to- 
zero (NRZ) system of tape recording 
was selected for the present investiga- 
tion. In this system. as ordinarily ap- 
plied. current sufficient to saturate the 


tape is maintained in the recording 


* “Magnetic Tape ‘Memory’ for SEAC.” NBS Tech- 
nical News Bulletin Nov. 1951 
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head at all times. but the polarity is 
changed each time a binary one is to 
be recorded. When a binary zero is to 
be recorded. the current is not changed. 
This type of recording produces a single 
change in magnetic flux on the tape 
for each binary one and no change in 
flux for a zero, so that on playback a 
voltage is produced only when a one is 
read. Disadvantages of this method are 
that a continuous current must be main- 
tained in the head during recording and 
that the polarity of the current must be 
switched rapidly. Unless center-tapped 
head windings are used. these require- 
ments often lead to rather complicated 
driver that 


To overcome these 


circuits consume consider- 
draw- 
backs. the Bureau used a digital pulse 
technique instead of the continuous cur- 
rent method to achieve NRZ tape mag- 


netization. 


able power. 


In application. the pulse technique 
is analogous to the continuous current 
method. To record a binary one with 
the pulse technique. a pulse of opposite 
polarity to the previous pulse is re- 
corded. To record a binary zero, a pulse 
of the same polarity as the previous one 
is recorded. Thus, on playback. there is 
a single voltage swing for each recorded 
one, and no voltage for a zero. 


Maximum Usable Density 


To find the maximum usable pulse 
density. a number of recordings were 
made on tapes that had previously been 
with current. For 
each recording the tape speed was held 


erased alternating 
constant. the pulse duration was two 
microseconds, and the pulse current was 
60 ma. The only parameter that 
changed was the pulse repetition rate: 


was 


this was increased so that for successive 
crowded 
closer and closer together. When the 
recordings were read back, it was found 
that the playback 
with pulse density until a maximum of 


recordings the pulses were 


voltage increased 


140 pulses per in. was reached. The 
voltage then began to decrease for 
greater densities, but so slowly that 


even at 730 pulses per in. the output 


signal amplitude was still usable. 


Timing 

In the NBS recording system, the 
recording rate and the exact location 
of each recorded digit is determined 
by timing from a 


pulses derived 


“sprocket” channel, prepared in ad- 


vance of the recording operation. The 


Digital Computers 


word length can be chosen arbitrarily. 
depending on the equipment with which 
the storage system is to be used. If the 
number of digits per word is n, then 
the sprocket channel must provide n + 
The 


reference 


word. 
up a 
condition at the beginning of each word. 
In preparing the sprocket channel it is 


also 


1 timing pulses per extra 


pulse is used to set 


necessary to consider the speed 
and acceleration time of the tape drive 
so that a_ sufficient 


gap can be left 


between words or groups of words for 
starting and stopping the tape without 


missing information. 


Sprocket Pulses 


Starting with an erased tape, sprocket 
pulses are recorded at the chosen rate 
along the entire length of the tape. 
These pulses must be counted, and the 
polarity of each recording pulse must 
be controlled. For example, if informa- 
tion is to be recorded on the tape in 
words of n digits each. with a sufficient 
gap between words for starting and 
stopping the tape, then the sprocket 
channel must provide n + 1 timing 
pulses per word, and so for n + | 
times the polarity of the pulses in the 
sprocket channel must alternate. After 
these n | pulses have been recorded, 
a number of pulses of the same polarity 
are recorded to provide a gap of sufh- 
cient length. Since pulses of the same 
polarity recorded at a high enough den- 
sity produce no change in tape polariza- 
tion, there will be no playback signal 
from the gap. After the required number 
of like polarity 
corded, the polarity 


pulses then again alternate n 


pulses have been re- 
of the recording 
+ ] times. 
The whole length of the sprocket chan- 
this manner, 
the tape is then ready for use. 


nel is recorded in and 

In a tape storage system such as this, 
where a sprocket channel is used both 
to interpret the playback signals from 
time 
the pulses recorded in the information 


the information channels and to 


channels. a problem arises from the 
close proximity of the read-record heads. 
operation, each 
timing pulse derived from the sprocket 
channel initiates a recording pulse in 
more of the information chan- 
nels. and if the heads are closely spaced, 


During a_ recording 


one or 


this pulse of current through an infor- 
mation head induces a signal into the 
sprocket channel head that may be from 
20 to 50 times the amplitude of the 
average tape signal. 

(Continued on page 290) 
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Micro-Miniature Tube for UHF and High Temperature 


THE MICKU-MINIATURE ELECTRON TUBE 
recently developed by engineers of the 
General Electric Receiving Tube Sub- 
Department of Owensboro, Ky., repre- 
sents a large step forward in tube de- 
sign. The new tube shown in Figs. 1 
and 2, is much reduced in size, meas- 
uring about %¢ in. in diam and %¢ in. 
long. It is a small fraction of the size 
of the miniature tube which is widely 
used in television receivers, as well as 
in military and commercial equipment. 
Because the envelope is made of a cer- 
amic material, the tube withstands 
temperatures up to 500 C. To illustrate 
its high temperature capabilities G-E 
engineers have demonstrated that the 
tube will operate, with no voltage ap- 
plied to the filament, in an oven whose 
temperature is high enough to exter- 
nally activate the cathode surface with- 
in the tube. 

Most of the metal parts are made of 
titanium. This metal has the property. 





Fig. 1 
with the widely used miniature tube. 


Micro-miniature tube compared 
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highly desirable in electron tubes, of 
not liberating gases after it has been 
heated to about 700 C, even after it 
is heated further or cooled. This is in 
contrast to other metals which con- 
tinue to give off gases until the melting 
temperature is reached. In addition, ti- 
tanium has excellent gettering prop- 
erties, even at room temperature, and 
the use of a special gettering material 
to clear up residual gases inside the 
tube is not necessary. 

A series of ceramic materials having 
thermal expansion properties very simi- 
lar to those of titanium were developed 
for use in the tube. As shown in the 
illustrations the tube is constructed by 
stacking the various parts and sealing 
them together to form a vacuum-tight 
structure. The seals are formed at 
temperatures in the vicinity of 1000 C 
and in operation they remain vacuum 
tight at temperatures in excess of 700 C. 

The first micro-miniature tube, Type 
6BY4 was designed specifically to meet 
the need for high gain and low noise 
for uhf television receivers operating at 
frequencies up to about 900 mc. From 
a study of other tubes designed for 
this service and falling somewhat short 
of the goal, it became apparent to G-E 
engineers that a departure from con- 
ventional structures was necessary. The 
design objectives of the new tube were 
determined to be the following: 

1. Input conductance due to transit 

time effects should 


possible. 


be as low as 


2. Transconductance to be as high as 
possible. 

3. Grid lead 

tremely low. 


inductance to be ex- 


4. Cathode current density to be as 
high as possible. 
>. Amplification factor to be as high 


as practical. 


». Interelectrode capacitances should 


ANODE 







REFERENCE PLANE 


ao @iInG 


SuPPOR! 
CYUNDER 


7 <M a INC 


\ \ HEATER 


BUTTONS 


OXIDE COATED 
CATHODE 


HEATER 


Fig. 2 view of the micro 


Cutaway 
miniature tube showing construction 


be as low as practical. 

7. Inductance and inpu! 
and output sections should be as 
low as practical. 

8. No electrical resonant points with 

in operating region. 

While designed primarily for uh 
receiver service, this triode amplifier 
has good performance at lower fre 
quencies and should be applicable to a 
wide variety of products in the com 
mercial and military fields. It is re 
ported also that this 
successfully 


losses of 


tube has beer 
operated at frequencies 
considerably higher than the 900 me for 
which it was designed. Referring to the 
illustrations, the two end buttons are 
the heater and the disks 
make possible low inductance connec 
tions to the cathode, grid, and plate 
respectively. The micro-miniature con 


connectors, 


struction makes possible the low ca 
pacitance which was mentioned as one 
of the while the 
planar electrode arrangement results i 
extremely low 


design objectives, 
lead inductance connec 
simplifies the problem of 
transit time and uni 
form grid-cathode area geometry. The 


tors and 


achieving short 
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drawing of Fig. 2 illustrates the inter- 
nal construction of the new tube. The 
relatively simple construction of the 
tube, using alternate ceramic and metal 
components is shown. Precise control of 
the electrode spacings is achieved by 
the use of a ceramic reference plane 
from which the active elements of the 
tube are located. 

The indirectly heated cathode is sup- 


ported on a thin metal cylinder which 
serves as a low inductance connection 


to the cathode ring and to thermally 


isolate the oxide-coated cathode from 
the external circuitry. The grid is 
spaced from the ceramic reference 


plane by a spacer which provides about 
0.0006-in. hot spacing between grid and 
cathode. The grid is made with 0.0003- 


in. diam tungsten wire wound at ap- 


Simplified Voltage Regulators 


KELATIVELY SIMPLE, HIGHLY STABILIZED 
voltage regulators have been designed 
by S. Rubin of the National Bureau of 
Standards by adding a separate screen 
supply to beam power series tubes. In 


these regulators, tubes having low 
ratios of screen-to-plate current are 
combined with screen grid supplies 





NBS 


Fig. 1 
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Circuit diagram of NBS 300-volt d-e voltage regulators. 
Output may be either positive or negative. 


using semiconductor rectifiers. As a 
result, the series tubes of these circuits 
have slightly lower efficiency, but much 
higher amplification than the 
low-mu triodes usually used in voltage 


regulators. Several units can be inter- 


factors 


connected to supply a number of volt- 


ages to a piece ot equipment In this 
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proximately 1lOUO tpi. The plate ou: 
anode is made entirely of titanium. This 
material is also used for most of the 
other metal parts because of its unique 
gas sorbing characteristics. 

G-E engineers report that the basic 
structure of the micro-miniature tube 
has greater mechanical strength than 
any other tube thus far 

ge 


thermionic 


developed 


case, the circuit can be simplified by 
energizing the screen grid of a lower- 
voltage regulator from the output of 
a higher-voltage regulator. 

A voltage regulator usually consists 
of a series tube, a d-c amplifier, ar4 a 
source of reference voltage. It is « m- 


monly used in conjunction with an 
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Voltage regulators combined to give four output volt- 


ages. Only one screen grid voltage supply is used. 
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unregulated voltage source to deliver 
a regulated voltage output. Acting as a 
“variable resistor” connected between 
an unregulated source and a load. the 
tube is controlled by the d-e 


amplifer. Signals representing the dif- 


series 


load 
voltage and a reference source are fed 


ference between a portion of a 
to the input of the d-c amplifier, and 
the amplifier output voltage is used to 
control the the 


tube. For every change in load voltage 


“resistance” of series 
caused by a change in either line volt- 
age or load current. a corrective voltage 
is applied to the control-grid of the 
series tube. resulting in an essentially 
constant voltage across the load. 
Although it is 
series tube that combines high efficiency 


desirable to have a 
with high amplification. an increase in 
one of these factors can in general be 
achieved only at the cost of a decrease 
in the other. Low-mu 
the 6AS7 


cause, under conditions of zero control 


triodes such as 


type are very efficient be- 
grid bias. they can pass a large amouni 
of current with a small plate-cathode 
drop. On _ the 
triode-connected 


cathode 


hand. a 
tied to 


resistance } 


voltage other 


(screen grid 
small 
beam power pentode has a higher am- 


through a 


plification factor, but requires a larger 
plate-cathode voltage drop for the same 
current and the same grid bias condi- 
tions. The addition of a separate screen 
voltage source provides a unit that has 
a higher effective amplification factor 
than a _ triode-connected beam 
tube. The efficiency of the regulator 
approaches that of a low-mu triode. 


power 


a selenium 


\ 300-volt regulated 
was constructed at NBS using pentode- 


power supply 


connected 6098/6AR6 series tubes and 


bridge rectifier-RC filter 


type unregulated screen supply. The 
regulator contains a two-stage d-c am- 
plifier with a type 5751 twin-triode 
differential amplifier in each stage. 


Laboratory investigations show that the 


output voltage has a ripple of 1 my 


when the input-voltage ripple is 30 


volts and the screen-voltage ripple is 


1 volt. If the same regulator has an 
input-voltage ripple of one volt and a 


screen-voltage ripple of less than 0.5 


volt, then a change in line voltage from 
minus 10 per cent to plus 10 per cent 


of nominal value. together with a vari- 
ation in load from 25 per cent of full 


load to full load, results in an output 
voltage variation of less than 0.2 volt. 
During this study. the 
was 335 volts at 


input voltage 
and 


at minimum line voltage. The load cur- 


full-load current 


rent was 100 ma per tube. There was a 
drop of 2.5 volts in the cathode equal- 


izing resistors inserted between the 


cathode of each series tube and the 


regulated output. 


The output impedance of a power 
supply using the regulator is less than 


150 
achieved 
feedback network in 
amplifier and a 4-mf capacitor 


1 ohm from direct current to over 
ke. This impedance is 
with a single RC 
the d-c 
across the regulated output. Such sim- 


low 


plicity in the d-c amplifier section of 
the regulator is the result of the high 
gain of the series tube section. This 
high gain makes it possible to reduce 
the number of stages in the d-c ampli- 
fier to achieve a given magnitude of 
loop gain, and also to reduce the plate 


voltage variation (plate swing) require- 


ments of the output stage of the d-c 
amplifier. Both factors contribute to the 
simplification of the inter-stage coup- 
ling and stabilizing networks that would 
otherwise be required in such a high. 
gain feedback 

If a 


requiring 


control system. 

piece of electronic equipment 
more than one voltage in- 
corporates several regulators with pen- 
tode-connected beam power series tubes, 
the output of one supply may be used 
to feed the screen grid of a lower-volt- 
series-tube and thus 


age 


regulator 


eliminate all but one of the separate 
screen supplies. Such a unit has been 
constructed at NBS in which the posi- 
the 


of the series tubes in a positive 150- 


tive 300-volt supply feeds screens 
volt supply. The positive 150-volt) sup- 
ply. in turn energizes the screens in a 
150-volt and a 
supply. In each case the screen 


negative negative 300- 
volt 
grid to cathode voltage of the tubes 
was kept at 150 volts. 

6CU6/6BQ6 


type of beam power pentode for the 


Regulators using the 
series tube have also been investigated 
at the Bureau. 
100 ma of when the 
plate-cathode voltage is approximately 


These tubes will pass 


plate current 
32 volts and the screen-cathode voltage 
is 90 volts. Under these conditions the 
screen will approximately 
12 ma. When the plate cathode voltage 
is 100 


and 7 ma 


grid draw 
volts. 100 ma of plate current 
flow 
with a screen-cathode voltage of about 
90 volts. Under conditions the 
plate dissipation is 10 watts while the 
0.63 watt. 
This is typical of the extra dissipation 


of screen current will 


these 
only 


screen dissipation is 


due to the separate screen supply. 


Projectors Redesigned for Cooler Operation 





Fig. 1—Switch to square lamp housing in 
redesigned projector provides larger flow 
area and heat absorption surfaces. 
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REDESIGN FOR COOLER OPERATION and 


one-shot lubrication have resulted in 
improved reliability of a new line of 
De- 


signers for Industry Inc., Cleveland 13. 


16-mm_ projectors developed by 
for the Victor Animatograph Corpora- 


tion of Davenport. lowa. Formerly. 
cooling was restricted by the shape of 
the lamp and the 
limited area available for air passage. 


(ir capacity in the 


housing surfaces 


new design has 
increase in 


the re- 


been increased—with no 
blower size or horsepower—by 
moval of restrictions and protuberances 
in the air passage and by changing from 
a round to a square lamp housing, Fig. 
1. In addition to a larger passage the 
square housing also presents a larger 
surface area to the lamp for increased 
heat absorption. Surfaces are finished 
black absorb 
maximum heat energy. To protect the 


with copper oxide to 





Fig. 2—Projector with lamp housing re- 
lubrication as- 


moved to show one-shot 


sembly. 





+ 
NOVEMBER 1955 ELECTRICAL MANUFACTURING 











wiring all leads are run in_ paths 
- shielded from the direct rays of the 
in lamp. This was accomplished by pro- 
” viding cast channels or tunnels and by 
p- running the wires beneath the socket 
. or other convenient components. 
1 
nt 
n= 


t- To SECURE ACCURATE TEMPERATURE CON- 
Is TROL of heat in the 1000 F 
ie curing oven of its automatic shell mold- 


radiant 


n er, Sutter Products Co. of Dearborn, 
1- Mich., uses an extended-leg modification 
Is of a standard cartridge-type thermo- 
)- stat. The extended-leg Thermoswitch. 
})- which is 9 in. longer than the standard 
a unit, offers several design and service 
()- 


advantages. It permits the sensing por- 


Curing oven 


Pattern 


Fig. 1 shell 


Automatic 
heat for curing resin-bonded sand molds. 








Tubular 
heating 


element 


) 


Fig. 2 
mostat, conducted heat. 
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One-shot lubrication is provided by 
an oil reservoir accessible from the top 
of the machine, Fig. 2. The reservoir is 
filled with absorbent packing and con- 
nects with the wick-filled oil lines. Thus, 
oil supply to the bearings is regulated 


inserted 
far into the oven thus providing a large 
surface area for quick response to tem- 


tion of the thermostat to be 


perature change and hence good con- 
trol. The thermostat is accurately ad- 
justable between 300 to 1100 F by a 
dial and knob arrangement. The rugged 
internal construction of the controller 
stands up well under rough-and-tumble 
foundry and 


operation vibrations in- 






Thermoswitch controlling 
nterna/l pattern hect 


Resin bin 


resistance 


using 


machine 





Terminal boxes for 
tubular heaters of 


both ends 


Upper thermostat controls radiant heat; lower ther- 


BACK COVER 


Also noteworthy 
in the new design are the use of sap- 
phire-tipped pawls, and the systematic 
grouping of controls in a satin chrome. 
softly-lighted panel at the lamphouse 


oO: oO 


by capillary action. 


base. 


- | Extended-Leg Thermostat Controls Radiant Heat 


duced by fast machine cycling. Finally. 
the initial cost is low, keeping main- 
tenance and inventory costs to a mini- 
mum. 

The Sutter molding machine, Fig. 
l, is designed to turn out about 40-60 
cured shell molds an hour, performing 
the entire sequence of operations auto- 
matically. The pattern, the supply of 
sand-resin mixture for the shell molds, 
and the curing oven are all incorporated 
in the one machine. The cycle starts as 
the spray frame coats the pattern sur- 
face with a mold agent. The 
pattern rolls over and locks against the 
open the bin. The two 
units are then inverted, enabling the 


release 


top of resin 
mixture of thermosetting resin and sand 
to fill the mold pattern by gravity. and 
then return to their upright positions 
and unlock. The curing oven is rolled 
into position over the pattern and heats 
the shell at 900 F for a predetermined 
curing cycle which depends on pattern 
configuration. Stripper pins then eject 
the cured shell from the mold and. as 
soon as the shell is removed from the 
bed, the machine starts another cycle. 
The oven is heated by a series of 
parallel tubular resistance heaters in- 
stalled throughout the length of the 
oven. Fig. 2. The heaters are controlled 
at 900 F (or other selected tempera- 
ture) by an adjustable, heavy duty ex- 
tended-leg Thermoswitch, manufactured 
by Fenwal Inc. of Ashland, Mass. The 
extended leg. which gives the thermostat 
an overall length of neariy 15 in., en- 
ables the surface mounted thermostat 
to project far into the interior of the 
oven. A second thermostat of the same 
tvpe, set at 1050 F, is mounted adjacent 





Fig. 3 


for 


thermoswitch 
measuring radiant heat. 


Extended-leg 














































































































































































































































































DESIGN TRENDS 


to the first. It serves as a high-tempera- 
ture limit switch. In operation, oven 
temperature is easily maintained within 
10 F of setpoint—good bandwidth at 
these elevated temperatures. 

The pattern itself is also heated to 


Class H-Insulated 


AVAILABLE ON A REGULAR production- 
line basis, an improved line of Class 
H-insulated d-c armored motors is being 
offered by General Electric’s D-C Motor 
and Generator Department, Erie, Pa. 
There is no increase in price over Class 
B-insulated motors, 
announcement. 


according to the 
Subjected to 
tests, including operating speeds four 
times that of rated values, the Class 
H-insulated motors disclosed no loss of 
dielectric 
strength. 


severe 


characteristics or physical 
In comparison, the Class B- 
insulated motors showed extensive burn- 


out damage. G-E engineers state that 


under identical operating conditions 
Class H insulation when used in this 
type of motors should outlast Class 


B by as much as 32 to 1. 

Class H insulation has been adapted 
to the field coils, armature coils and the 
main area of the armature insulation, 
sections that are usually affected by 
high heat concentration. 

Silicone-treated mica (G-E MicaMat) 
is used on commutating and exciting 


field coils and on armature coils. A 
final silicone varnish treatment is ap- 


\ MINIATURE THRUST BEARING in the 
chuck assembly of an aircraft antenna 
mast permits assembly and tightening 
of the antenna with a low fastening 
torque and without danger of the wire 
twisting. The bearing, manufactured by 
Miniature Precision Bearings, 
Keene, N.H., is mounted between the 
chuck body and the tightening screw, 
Fig. 1, and frictional 
torque required to overcome the serv- 
ice thrust load of 500 lb. The *16 in. 
bore is large enough to take the 0.170 
in. diam antenna wire without chaffng 
or binding. 

miniature 


Inc.. 


reduces the 


retainer ball bear- 
ings are used in the synchro receiver. 
Fig. 2, to provide low frictional torque 
on the rotor shaft at temperatures rang- 
ing from —55 to +-95 C. Friction is 
reduced by using stainless steel ball 


Two 
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Miniature Ball Bearing Applications 


time. This is ac- 
complished with a set of tubular heaters 
inside the pattern bed, controlled by a 
standard Thermoswitch unit set at about 
150 F. The operating temperatures of 


reduce 


oven curing 


both the oven and pattern may be reset 
conveniently by an adjusting knob on 
the thermostats as required by the depth 
and configuration of the mold pattern. 









field coil 


show various stages of Class H insulation: 


Compound 


D-C Armored Motors 


for General Electric 


fhe control mechanism ot the therm. 
stat is housed inside a sealed oute: 
shell, which acts not only as the tem 
perature-sensing member of the thermo 
stat, but also as a protective housing 
Dust and dirt are therefore excluded 
from the interior of the unit, insuring 
a long service life under difficult con 
ditions O0O¢ 





d-c armored motor partly stripped to 
A, Layers of mica to insulate leads and 


terminals from coil body. B, Ties of glass-fiber tape pretreated with silicone var- 
nish. C, Glass-type wrapping applied after impregnation. D, Mica tape for increased 


dielectric strength and heat resistance. 


plied, using a newly 


developed G-E 
low-temperature curing compound. The 


retainers and carefully controlled lub- 


rication hefore assembly to decrease 
HUCK JAW 
A ENNA MAST 
’ WT, G 

V2 

W777, 
wet 

vs i 
Fig. 1 


) 


low-temperature cure facilitates 


production methods 


[llas- 


oo. 





ball drag effects caused by excess lub 
ricant. In addition, because 


radial and 


CK BODY 
MINIATURE THRUST BEARING 

TIGHTENING NUT 
ANTENNA WIRE 





Miniature thrust bearing between chuck body and tightening 


screw lowers tightening torque and permits assembly without twisting 


antenna wire. 
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Cuts inventory, too! 


Superior to Class A insulation in performance—yet on a par with it in 


° . e + 
bs (the highly flexible Class B Sleeving and Tubing 
F e e * = 
on that licks Class A in performance = equals it in price) 
al SS Ss a 
os 
} 
@ MORE FLEXIBLE — can be @ MORE RESISTANT to water, @ LONGER LASTING at high 
| § bent, even tied in knots, alkalis, mild acids, common temperatures — withstands 
‘a without cracking or crazing. solvents, oils and greases. hundreds of hours at 300° F. 
| 
| Fa 
to | 
and 
var- | @ INHERENTLY STRONGER — @ MORE STABLE—retains di- @ WIDER RANGE — available 
sed stands up under vibration, CU Ta areola dal-taie Leite in 3 NEMA grades, 10 col- 
| varnishing, baking. Good back during soldering. ors, coils, 36” lengths or 
4 abe nln tem albus 
lass 
| 


» price— Varflo Sleeving and Tubing can be used economically for all 
$ ® 4 ¢ ¥ Class A and Class B installations. This low-cost adaptability of Varflo 
T S \ enables many of our customers to achieve substantial savings in in- 


ventory. Available in NEMA Grades A-1 and B-1 tubing and Grade 
SAMPLES 


ub 
ind 


C-2 sleeving. 


Perhaps Varflo can solve your insulating problems. Describe them in 
a letter—no cost or obligation for our recommendations. 


Mail coupon 
for yours 


Mess S SS SS SS SS SS SSS SSS SSS SSeS a 


| eR 





: 1 

| 1 VARFLEX CORPORATION ' 

i 504 W. Court St., Rome, N.Y. i 

; Please send me free folder containing description and test samples of 

1 Varflo Sleeving and Tubing. | am particularly interested in insulation for §& 

t 

: t 

; Name i 

CORPORATION | i Company ; 
. Makers of Electrical / i Street 

\ Insulating Tubing / I : 

\and Sleeving i City Zone... .... State i 
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DESIGN TRENDS 


end play of the rotor shaft must be 
small to insure accurate sensing of 
angular position and repeatability in 
location, the bearings are tested and 
selected for axial play less than 0.001 
in. at both temperature extremes. 
Bearings are held against the in- 
side dust covers by retaining rings act- 
ing against the outside dust covers. 
Both the outside shoulder and _ retain- 
ing ring are tapered to provide posi- 
tive axial positioning. The large bore 
on the right hand bearing is provided 


for slip ring clearance during  as- 
sembly. G00 


MINVATURE RPA ONAL 
RETA///CR BEARING 


O9S7S5 BORE —.F/25 02 





= Lagi 


Fig. 2 


ing retainer. 


Nontracking Butyl Rubber 


BUTYL-RUBBER MOLDED instrument trans- 
formers introduced commercially by the 
General Electric Instrument Depart- 
ment, Lynn, Mass., in 1949, are now 
available in higher voltage ratings, as 
a result of an improved butyl formula- 
tion. The significant improvement lies 
in the application of an additive that 
imparts nontracking characteristics to 
the butyl compound. Identified as Hy- 
Bute /60, the new material will be used 


this year for molding 15-kv current 
transformers for indoor and outdoor 


use. In development stage are trans- 


formers for 25-kv and 34.5-kv ratings 
scheduled for late 1956 production. 


Even higher 
templated. 

The first butyl-molded transformers 
had a voltage rating of 5000 volts, the 
limitation being imposed by suscepti- 
bility to tracking at 
In the butyl-molded technique. the bare 
transformer is pressure-molded into a 
solid mass of butyl, the latter forming 
at the same time both the primary insu- 
lation system of the transformer, and 
also its external case. 

The additive used by G-E is described 
as a material that can be physically in- 
terspersed throughout the bulk of the 
butyl. This is done during the com- 
pounding. Owing to a patent pending 
situation. however. the company has not 


voltage levels are con- 


higher voltages. 


All-Metal Resilient 


7 aes 
Region, 
Monica, Calif. 


Davis, Vice President Western 


Ropinson AviaTION, INC. Santa 


ELECTRONIC EQUIPMENT INSTALLED in 
jet fighter planes, such as the F-86 and 
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This General Electric butyl-molded cur- 
rent transformer is undamaged after be- 
ing exposed at full voltage for 1400 hr 


in a_ salt-fog test chamber. Ability to 
withstand arcing under such severe con- 
ditions is due to the use of a 
tracking formulation of butyl 
developed by G-E’s Instrument Depart- 


ment and identified as Hy-Bute/60. 


non- 
recently 


this writing the detailed 
nature of the additive or of the mech- 


disclosed at 


M/NIATURE RADIAL 
RETAINER BEARING 
(250 BORE -~WH2SOD 


64/P RINES 


OVST COVER 


ALAMP RINE 


Double purpose dust cover also serves as bear- 


that inhibits the formation of 
free carbon in the butyl and so _ pre- 
vents tracking. In simple terms, the 


additive. when in proximity to an elec- 


anism 


trical discharge, initiates an oxidation 
reaction that results in the formation of 
gaseous oxides of carbon rather than 
in the deposition of free carbon. It is 
reaction 
that in ordinary combustion, a free sup- 
ply of effective 
means to decrease the quantity of solid 


a commonplace of chemical 


oxygen provides an 
carbonaceous deposits. It was therefore 
postulated that an adequate source of 
oxygen within an insulating 
material would likewise result in a re- 


organic 


duced formation of carbon and thus of 
carbon tracks under arcing. 

Typical test values show that for a 
conventional filled butyl rubber it takes 
2 hr to failure on a standard 75-mil 
sample dust-creepage test as against 
100 hr with a butyl that contains the 
“internal oxidation mechanism.” 

It is understood that the additive or 
“mechanism” used for the molded butyl 
rubber may also be effective for devel- 
oping nontracking variations of other 
such as the 
and the 


polymers, polyesters. 


Work in 


phenolics in particular might have very 


epoxies phenolics. 
significant effects in view of the nor- 


mally low are” resistance of these 


materials. 


Mount for Electronic Equipment 


F-100. is subjected to high acceleration 
in both vibration and shock. This is 
due to turbine rotation, air turbulence, 
gunfire, landings and take-offs. The en- 
gine turbine operates at speeds from 
3500 rpm up to as high as 12.000 rpm 
and produces vibration in the frequency 


range from about 60 to 200 cycles per 
sec which tends to crack and otherwise 
damage electronic components. Reliable 
operation of the equipment is therefore 
jeopardized. 

effects of these 
forces on electronic equipment in these 


To eliminate the 
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RATED AT. 


Os GUARDIAN 


115 volts — 60 cycles 


non-inductive load 
Contact Combinations up to 


3 POLE * DOUBLE THROW 






® Midget Size 
® Versatile 
® Flexible 
® Rugged 
APPLICATIONS: 


® Automation 
* Computers 





eee 

GUARDIAN 
Series 1200/1200 Interlock 
Standard Series 1200 is also available as 


an Interlocking Relay, in any A.C./A.C., 
D.C./D.C. or A.C./D.C. combination. 


13 APPROX. 
—_——_—_— 1 Oo 
ja 


® Communications 
* Circuitry Projects en: ie 
* Remote Control Units 
* Automatic Selectors 
* Electronic Controls 


* Switching Devices 


CHARACTERISTICS: 


COIL 
Standard voltages. 6 to 230 
volts, 60 cycles, A.C., non-induc- 
tive; 6 to 110 volts, D.C. 





; 3 DIAMETER MOUNTING HOLES TAP 6-32 
Terminals. Solder lug type. —_ one ‘nina 
CONTACTS @ Ultra-small... but packed with power! This compact, efficient 
Rating. Available for 12 am- relay is RATED AT 8 AMPERES, 115 volts, 60 cycles 
peres or 8 amperes, 115 volts, non-inductive load! Contact combinations up to 3 pole, double 
60 cycles, non-inductive load. throw. Never before has so much power capacity been combined 
Combination. Available in any with so many possible contact combinations within such midget 
standard combination up to 3 proportions. Unit measures approximately 154” long, 1” wide, 
P.D.T. by 114” high. Weighs only 1.9 ounces. 


Material. Fine silver is standard; 


Solder Terminals molded in phenolic block, with barriers for 
other materials to specification. 


over-surface insulation meet Underwriters’ Laboratories 
specifications. It is extremely rugged. Series 1200 has already 


MOUNTING achieved extraordinary success in the applications listed to the 
Standard. Single hole 6-32 left. It promises to become the most popular of all midget 
tapped. Bottom mounting. relays in every industry, yours included. 


Wweute today to arrange for a production sample. 


Include blue print or circuit diagram if possible. 
Telephone CHesapeake 3-1100 


GUARDIAN WELECTRIC 


1627-M W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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aircraft, a special mounting system has 
been designed by Robinson Aviation 
Inc., Teterboro, N. J. As shown in 
Fig. 1, the mounting fixture contains an 
L-shaped equipment tray and base plate 
with stainless steel resilient elements 
(arrows) between them. The elec- 
tronic equipment is attached to the tray 
by means of a clamp and the mount is 
attached to its support with six bolts. 
This arrangement facilitates fast equip- 
ment installation and removal, especial- 
ly under emergency conditions. 

Equipment is mounted with its center 
of gravity located in the diagonal 
plane containing the four resilient ele- 
ments. This eliminates any tendency 
for the equipment to rock or tip when a 
force is applied to the unit. For this 
reason, the mounts are designed for 
particular pieces of equipment with 
weight and shape (location of center 
of gravity) as essential design factors. 
[t is emphasized that these mounts 
are not intended to be used indiscrimi- 
nately with any equipment that happens 
to fit. 

The nucleus of the mounting system 
is in the resilient supporting elements 
between the base plate and the equip- 
ment tray. They are contained within 
stainless steel springs and are formed 





Fig. 1—Resilient 
electronic 


airborne 


mount tor 
equipment, 


ot fabricated stainless steel wire which 
has high inherent damping character- 
istics. The support elements are un- 
affected by oil, water, ozone, sunlight 
and fungus. Also, the non-linear spring 
characteristic is unchanged over the 
temperature range from — 130 F to 
+ 375 F. 

The resonant frequency of vibration 
of the mount is 10 cps in the vertical 
direction and lower in the longitudinal 
and lateral directions, as shown in the 
curves of Fig. 2. Transmission of vibra- 
tion at frequencies higher than about 
26 cps is well under the limit set in 


Specification MIL-E-5272A. At 60 cps 
and above the isolation is such that 





4 
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~~? + 
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Fig. 2—Vibration curves in three di- 
rections. Solid line at right represents 
limit of MIL-E-5272A. 


the equipment is virtually unaffected 
by engine vibration. 

Flexible wire is used for connection: 
between the isolated equipment and a 
terminal block on the base plate. Sufb- 
cient clearance is allowed so that the 
wire will not tighten and pull the 
equipment tray against the base plate 
or transmit vibration forces from the 
airplane to the equipment. The term 
inal block is recessed to avoid danger 
of short circuits. Also, excessive dy 
namic loads are compensated for by 
motion-limiting pads also made of the 
fabricated stainless steel wire, to pre 
vent bottoming of the equipment tray 
on the hase plate. tors 


Mechanized Copying and Control of Drawings 


MECHANIZED TECHNIQUES AND PROCE- 
purEs for the reproduction, filing and 
finding of engineering drawings and 
related documents are being put into 
practice by several branches of the 
government. One such method was de- 
veloped by the Filmsort Division of 
Dexter Folding Company, Pearl River. 
N. Y. The major problems of switching 
from manual to mechanized processing 
methods for the required numbers of 
reproductions, as well as the filing and 
finding of drawings are now being 
overcome. 

Briefly, the program of mechanization 
calls for the following: 

1. Engineering drawings to be micro- 
filmed and mounted on aperture cards 
(punched-card or of the visible index- 
ing type) as shown in the accompany- 
ing photograph. 

2. Provide mounted reproducable 
drawings on 35-mm film and aperture 
cards to operating centers. 

3. Set up photo-copying units and 
supplies for reproduction of drawings 
it various locations as required. 

4. Reproduce drawings on the scene. 


One 


government branch handles as 
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Examples of 35-mm microfilm 


on standard business cards having suit- 


able apertures. 


many as 100,000 drawings a month, 
from which as many as several hundred 
copies are required. Several years be- 
fore World War II, the Air Force was 
a pioneer in the use of microfilm as a 
means of facsimile copying of docu- 
ments to cut down the space problem 
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lf you control movement of machines, traffic or materials, it’ll pay you to use 


Aq : “4 kp mercury relays 


The new Adlake Mighty Midget relay, like a// Adlake relays, requires 
no maintenance whatever...is quiet and chatterless...free from explo- 
sion hazard. Dust, dirt, moisture and temperature changes can’t affect 
its operation. Mercury-to-mercury contact gives ideal snap action, 
with no burning, pitting or sticking. Write for catalog and information. 


The Adams & Westlake Company Hdlake 


Established 1857 « ELKHART, INDIANA «+ New York « Chicago 
the original and largest manufacturers of mercury plunger-type relays 
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for inexpensive, fast reproduction and 
transportation. 

The Filmsort aperture card was de- 
vised as a means of providing in a 


located, either manually or mechan. 
cally, when mounted on cards. Under a 
fully mechanized system of locating and 


reproducing engineering drawings, the 


of storing records. Eight years ago their 
engineers began to think of microfilm- 
ing for a mechanized system for han- 
dling both the filing and storage, and 


small space complete drawings which 
are easily filed, found and reproduced. 
It had ready acceptance because indi- 
vidual sections of film could be quickly 


time and costs involved would be very 
small and in most instances it would 
be cheaper to destroy the reproductions 
after each reference than to file them. 





Miniature Variable Capacitor for Transistor Receivers 


To MATCH THE SIZE REDUCTION of other = [—— —— 


components used in miniature radio 1@00 
receivers, tuning capacitors and _ in- 


ductors were also reduced in physical 





dimensions. A miniaturized tuning in- 
ductor was described in a previous Fig. 2—Frequency spacing on tuning dial. 


article,* 


\ miniature variable capacitor has 








; mak . quency spacing on the tuning dial Series 5] capacitor is designed for con- 
been designed specifically for WOR hn tn Fig. 2. Note the wide spacing ventional mounting methods, it is 
istorized portable radio a by for the frequencies at the low end of adaptable to the requirements for 
Radio Condenser Company, Camden the broadcast band. Although the mechanized assembly. 0:6:0 

3, New Jersey. Because of the smaller 

tuning capacitances needed in transis- ' 
tor r-f amplifier circuits, as compared 

with tube circuits, the new capacitor 
has fewer plates. Consequently, less 
space is needed. The capacitor, Series 


51, is shown in Fig. 1. 
Two groups of plates, one each for 
the r-f amplifier and oscillator circuits. 


Pump for Atomic 
Energy Installation 


are nested in a formed aluminum frame 
with trimmers capacitors located on the 
bottom. The nominal air gap between 
the aluminum rotor and stator plates 
is 0.010 in. A total of 20 rotor plates 
may be used, divided in any combina- 
the The rotor 
plates are shaped to obtain the fre- 


tion in two. sections. 





THIS INSTALLATION SHOWS specially designed pumps made by 
Allis-Chalmers Manufacturing Company being inspected be. 
fore shipment to an atomic energy installation in England. 
No lubrication is required by these pumps. Consequently 
they will be welded shut at the site, making them hermetically 
sealed against any possibility of leakage. Units will deliver 
15 gpm of liquid at 500 F 
operating at 2000 psig. 


against a 35-ft head in a system 


The pump motor used has a silicone insulation system. 
It is cooled by an auxiliary blower. Pump parts are type 347 
stainless. 


It has been found that the silicone insulating system used on 





these “canned pumps” has provided sufficient protection 
against damage from radiation effects when installed in 
. . Es £3.23 
ae i ° . eactors, 
Fig. 1—Miniature variable capacitor reactor 


* Miniature Variable 
Ss K Hoh and { K 
April 


Inductor for R-t 
Greene 
1955, p 137 


Tuning,” 
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FACTURING, 
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How to Cut Costs 75%... he - 
with Tinnerman SPEED GRIPS*! | 


SPEED Grips are applied by hand 
on this automobile floor pan. 


Assembly and material costs cut from 12 cents to less 
than 3 cents—a saving of 75% on just one fastening appli- 
cation! That’s the Tinnerman SpEED Nut Savings Story 
for the Automatic Radio Manufacturing Company, Boston, 
on its Cusrom-Bui_t Auto RaApio LINE. 


SpeED Grip Nut Retainers replaced hard-to-fabricate tapped holes and weld- 
type nuts as the mounting fasteners on each set. SPEED GRIPS are quickly and 
easily snapped into square punched holes. No special tools or skills needed! Flat Front seat grab handle of car is 
Type SpeEED Nuts also provide a vibration-proof attachment of speaker to baffle. ready to receive bolts in final 


assembly. 





And here’s a “temper-saver” for the man who installs the radio in his car. 
SPEED Grips have “mechanical hands” that hold the nut in bolt-receiving 
position for blind location attachments. What’s more, they “float” to com- 
pensate for any misalignment in mounting holes. 


There are more than 8,000 shapes and sizes of SPEED Nut brand fasteners to 
help you save assembly time, material costs and handling. Write today for your 





“SpeEED Nut Savings Stories” booklet of typical Tinnerman savings to industry. coe 
Speep Grips furnish a firm, 
TINNERMAN PRODUCTS, INC. © BOX 6688, DEPT. 12, CLEVELAND 1, OHIO sturdy attachment for television 
Canada: Dominion Fasteners, Ltd., Hamilton, Ontario. Great Britain: Simmonds Aero- chassis _mounting. 







cessories, Ltd., Treforest, Wales. France: Aerocessoires Simmonds, S. A., 7 rue Henri 
Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH ‘**MECANO”’, Lemgo-i-Lippe. 


TINNERMAN 





FASTEST THING (N FASTENINGS® 
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\ SMALL BATTERY, about the size and 
shape of half a dime and three times 
as_ thick, indium as the anode 
material. It was designed by Elgin Na- 
tional Watch Company, Elgin, IIL, for 
use in its electronic wrist watches cur- 
rently under development. This battery 
cell, shown in Fig. 1 and occupying 
about the volume of a penny, may be 
used to supply electrical power for 
hearing aids and other small personal 
devices. It will supply enough energy 
to operate certain special miniature 
electronic devices at virtually standard 
voltage for 2 years. This is said to rep- 
resent 25 per cent more capacity than 
any other comparable sealed battery. 

The voltage-current characteristic of 
the indium cell is shown in Fig. 2. It 
should be noted that in practice, the 
cell is called on to deliver only small 
currents. Fig. 3 illustrates the discharge 


uses 


Button-Size Battery is Leak Proof 


characteristics under pulse loads ol 
200 ohms (5 pulses per sec) of two 
cells whose theoretical capacities were 
130 ma-hr. Cells made by present tech- 
niques deliver about 85 per cent of 
their theoretical capacities and is ex- 
pected that this will be increased to 
90 per cent. 

A serious battery 
cells is that a chemical reaction occurs 
during storage and discharge to result 
in swelling and leakage of corrosive 
chemicals. This has been overcome in 
the indium cell and it is enclosed in a 
leak-proof plastic container. The open 
circuit voltage is 1.15 volt compared 
to 1.35 volt for the mercury cell, but 
by replacement of the cathode material. 
a voltage of 1.37 volt may be obtained. 


disadvantage of 


Information on materials and construc- 
tion of the cathode are 
this time. 


not available at 


Am 











Fig. 2—Voltage-current characteristic. 


Fig. 3 


Pulse discharge characteristics 


Fig. 1—Elgin Indium battery cell com 
pared in size with a penny. 


(200 ohms, 5 pulses per sec) 


Screen Room Designed for Motor and Generator Tests 


JOHN F. FISHER, Vice President, 

Charge of Engineering 

ASTRON CORPORATION, East Newark, N. J. 
INCREASING RESTRICTIONS on radio inter- 
ference prompted Bogue Electric Manu- 
facturing Co., to construct the screen 
room, pictured here, for motor and gen- 
erator testing. In addition to extremely 
large physical size, such machines re- 
quire a room with high-capacity elec- 
trical power service. Service entrance 
of such magnitude necessitated the de- 
sign of special filters to shield the room 
from interference originating in the 
power lines. 
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The screen room is utilized in Bogue’s 
around-the-clock testing of high-current 
a-c and d-c generators plus various sizes 
and types of a-c and d-c motors, all of 
which are prominent sources of rf inter- 
ference. The custom-built enclosure pre- 
sented some significant design problems. 
The room must be large enough to ac- 
commodate both present and foreseeable 
future demands and be as completely 
noise free as possible to cope with these 
requirements. 

Bogue engineers employed a double- 
shield wall construction, consisting of a 
sandwich of two sheets of cross-oriented 


transformer iron and a sheet of insu 
lating material. This arrangement in 
sures improved attenuation at the lowe: 
frequencies. The interiors of the en 
closure were lined with composition 
board for improved sound deadening 
qualities. Silver-plated phosphor bronze 
fingers seal the periphery of the doors 
against stray interference. Even the ain 
circulation vents in the two large doors 
were constructed with a type of wave 
guide design to trap potential rf noise 
The two separate envelopes of shielding 
materials are electrically insulated com 
pletely from each other at all points 
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The Only Fittings of their Kind... 


Provide Positive W iring System Protection 


@ APPLETON “ST” Sertes Connectors outsell all 
other makes 3 to 1! This industry-wide acceptance 
is your assurance of top-quality performance. Exclu- 
sive brass ferrule, and unique APPLETON construc- 


: | 141] rt tion is your further assurance of trouble-free use, 
Tt ea year after year. APPLETON “ST” Series Connectors 
| (an stay tight! . . . positively exclude liquids, fumes, 


chips, shavings and other foreign matter from ma- 
" chinery electrical systems. Ferrule screws in and 
Only APPLETON Has The crimps on for a perfect seal and permanent ground 


; ‘ . Maintains voltage in ground circuit unfailingly 
| Exclusive Brass Ferrule within 10 millivolts drop. Write for free informa- 


tion, today! 


HERE'S WHY APPLETON "ST" SERIES 
LIQUID TIGHT CONNECTORS ARE BETTER 


e EXCLUSIVE BRASS FERRULE THAT SCREWS 

AND CRIMPS ON e POSITIVELY EXCLUDES 

LIQUID, FUMES, CHIPS, SHAVINGS e WILL NOT 

CHIP, CRACK, BREAK, DETERIORATE OR COME 

™ LOOSE e MAINTAINS VOLTAGE IN GROUND 

| ‘ CIRCUIT WITHIN 10 MILLIVOLTS e ACTS AS 

ff _ PERMANENT GROUND BETWEEN CONDUIT AND 

CONNECTOR e WIDE CHOICE OF SIZES— 
STRAIGHT, 45° AND 90° 


: — * he 1 GS 4 Sold Exclusively Through Selected Wholesalers 


Cincinnati Bickford Tool Company uses 


g ‘ APPLETON ‘ST’? Connectors on this APPLETON ELECTRIC COMPANY 
e 


Super Service Radial Drilling Machine, 





: 1712 Wellington Avenue, Chicago 13, Illinois 
. i Also Manufacturers of: 
i Explosion ES - fa of . Outlet 
i f Proof Dy, Boxes 
“% ; Fixtures | a Industrial 
frig Lights 
, ; *Pate ‘ Unil \ 
Patent Applied For J “% piaitet at a ih 
v ; Reelites 
1 
s APPLETON 
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DESIGN TRENDS 

























except one—where the power and sim- 


ilar lines enter the enclosure. This is 
the last major area of potential inter- 
ference. To complete the isolation of 
the room, filter engineers of the Astron 
Corporation were requested to furnish 
proper filters that would pass the in- 
coming power while trapping the un- 
desired rf signals. 

In the operating 
ratings of the electronic, electrical and 


analysis of the 


magnetic equipment to be tested, it was 
determined that filters 
would be required to carry from 500 to 


some of these 


800 amp on a continuous duty basis. 
In addition a large safety factor was 
recommended for this filter to assure 


reliable operation of the room under 
varying environmental and _ electrical 
conditions. Five special composite filters 
were provided, two rated at 100 kw and 
one each at 25 kw, 2 kw and 12 amp. 

Because of the large currents through 
these filters, 44 x2 in. copper bus bar 
was employed as conducting material 
for the units. To reduce the overall size 
of the units as much as possible and to 
protect the maximum operating de- 
pendability of the filters, each of the 
individual filter specially 
wound of small-size wire and connected 
in parallel by use of bus-bar strap. This 
arrangement divides the 
provides an extra 


coils were 


and 
factor for 
These internal banks of 
incorporate a type of 


current 
safety 
heavy loads. 


filters special 
















View of interior of new Bogue screen 
Interference measurements are being 


paper-section capacitors that will main- 
tain 100 db attenuation throughout the 


entire frequency range of 150 ke to 


1000 me. To facilitate the removal 
and replacement of individual com- 
ponent filters, the outside steel cases 


were fabricated with removable covers 
instead of the usual soldered-on covers. 
The filters comprising the banks inside 
the large cans are sealed within sepa- 


made for machine on the 


room for testing motors and generators. 


floor at left. 


maximum environmental 
protection. Due to the bulk of the 
filters. 0.080 in. steel was employed in 
the large cans and 0.040 in. 


rate cans for 


steel 
filter cans. A 
unique method of terminal attachment 


was 
used in the individual 
is employed. The bus-bar connectors 
are brought out of each of the filters. 
insulated from the directly 
connected to the power cables. O 


cans and 


High-Speed Commutating Switch Uses Mercury Jet 


A HIGH SPEED COMMUTATING or sampl- 
ing switch for monitoring 120 different 
circuits uses a rotating jet of mercury 





FIG. ] 


Mercury jet switch. 


168 


to sequentially connect a number of 
stationary contacts to a common pole. 
The switch, called the 


designed by the Research Division of 


Mercojet, was 


Detroit Controls Corporation of Red- 
wood City, Calif. It operates at speeds 
from 1000 10.000 and 
higher. 


rpm to rpm 
The switch, shown in Figs. 1 and 2. 


is driven by an external drive which 
may be a 1 75-hp synchronous motor. 
The rotor is designed to act as a self- 
primed centrifugal pump to form the 
mercury jet. The mercury collects by 
gravity in a sump in the stator and two 
helical scoops on the rotor pick it up 
and force it into a fine stream to the 
periphery of the stator containing the 
fixed Thus, 


connected to the common pole once for 


contacts. each contact is 


each turn of the rotor. The spent mer- 
cury drops to the sump to complete the 
evele. 

Two switches may be used in such 
applications as telemetering by means 
motors 


of synchronous operating at 


identical speeds. The switches may be 
phased to less than 5 microsec by con- 
trolling the phase of power supplied to 


switches. 


one of the 





FIG, 2 


Cross-sectional view of the switch. 
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New Components 
and Materials 


A staff compilation of the latest—and only the latest—-developments 


screened for designed-in use in electrically operated end products . . . 


com- 


plete with all released specifications and available application data. 





TIME-DELAY RELAY HAS 0.25 PER CENT REPEAT ACCURACY 


Synchronous-motor-driven time delay re- 
lay, designated Type 412, features a 
full-vision 300-deg dial, protected by a 
transparent cover. Two pointers indicate 
time setting and progress. Setting mech- 
anism provides easy adjustability over 
full dial range, even while timer is 
operating. Sealing-in contact permits 
timer operation from either momentary 
or sustained closure. 

Two SPDT and one SPST heavy-duty 
open-blade contacts provide for a mullti- 
plicity of external load connection pos- 
sibilities without affecting internal 
wiring. Further flexibility is obtained 
through different internal contact ar- 
rangements. Contacts, rated 15 amp at 
125 volts a-c are of silver cadmium 
oxide with low contact resistance and 
ability to handle high inrush current. 





Reset spring distributes stress over 


large area, assures long life. Semi- 
rigid shock spring is preloaded and re- 
turns to its exact position after each 
operation. 

Bakelite housing enclosing timer, is 


held securely by an O-ring. Removing 


OVERLOAD RELEASE CLUTCH FOR POWER DRIVES 


Function of Trig-O-Matic Overload Re- 
lease clutch is to prevent 
in power drives by providing positive 
torque limits without any wearing 
parts. This is accomplished by a lock- 
out design that provides complete dis- 
engagement. When the clutch is in 
the engaged position, it is preset to a 
definite torque limit through the use 
of two coil springs, which are fully 
adjustable to any required range ac- 
commodated in the eight basic units 
available. When engaged, the driving 
pawl is locked into the V of the rotor. 
This and the reset pawl give the total 
torque limit setting. 

When the clutch torque limit has 
been overcome by an overload condi- 
tion, the driving pawl is disengaged 
from the V of the rotor. It is locked 
out by the reset pawl at the time of dis- 
engagement. At the same time the Micro 


overloads 
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CLUTCH IN ENGAGEMENT POSITION 


Switch pin is forced outward on the 


outer periphery of the housing. This, 
in turn actuates the Micro Switch and 
the power supply is shut down or a 
signal provided. 

clutch, a_ reset 
screw is adjusted until the unit is in 


To re-engage the 


BACK COVER 


ring and sleeve expuses entire mechan 
ism. Nine-place terminal block at rear 
of unit is readily accessible and offers 
optional side or rear connection. 

Accuracy of Type 412, is within + % 
per cent of full scale. Repeat accu- 
racy is within + 0.25 per cent of full 
scale on timers with 30 sec and longer 
+¥% per cent on_ shorter 
range units. 

The timer is offered in 14 time ranges 
from 6 sec through 24 hr, for 115 and 
220 volts, 25, 50 and 60 cyeles. De- 
signed for UL approval, the unit is said 
to have electrical and mechanical life 
in excess of one million operations 
The R. W. Cramer Co., Inc., Center 
brook, Conn. 


ranges; 


Circle No. 1, Reader Inquiry Service Cara: 
preceding back cover 





CLUTCH IN DISENGAGEMENT POSITION 


the position of the original engagement 
to provide the exact amount of torque 
limit originally set up. Centric Clutch 
Co., U. S. Route 35 at Main St.. Wood 
bridge, N. J. 
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preceding back cover 


17] 








BUT GARRETT’S GOT 
IT FOR QUALITY 


No sir, you can’t beat Garrett when 
it comes to top quality in small parts. 
Their “statistical quality control sys- 
tem’ means every shipment you get 
is the finest. But quality is only part 
of what I like about Garrett. They 
manufacture and stock the world’s 
most complete line of washers and 
hose clamps. Boy, when you need 
any kind of a lock washer, flat wash- 
er, spring washer or hose clamp you 
get it fast . . . most everything right 
out of stock. 

When it comes to stampings and 
assemblies that’s where their high- 
speed automatic equipment stars. 
Turns out exactly what you want in 
no time at all. 

Sure, I'm a tough buyer. I want the 
best. I want it fast. I want it priced 
right. And Garrett is the place for me. 


LOCK WASHERS 

FLAT WASHERS 

. HOSE CLAMPS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 








NEW POLYESTER FABRIC 
FOR WRAPPING ELECTRICAL 
COMPONENTS 

New fabric in 
felted form for wrapping coils, trans- 


polyester nonwoven, 


formers, and other electrical 
components is said to offer 
moisture 
“pickup” ability, and 


formability. 


many 
increased 

varnish 
excellent 


resistance, superior 


con- 


Called Scotch brand polyester web, 
the fabric, fabricated 
fibers, has approximately 215 times the 
varnish pickup ability of cotton cloth. 
making possible reductions in produc- 


trom polyester 





tion costs due to the elimination of ex- 
tra dipping and_ baking The 
nonwoven form of the new material not 


cycles. 


only allows rapid and void-free impreg- 
nation but allows the material to con- 
form to irregular surfaces without pull- 
ing apart or slipping. 

Another advantage of the felted, or 
web, construction is its nonravelling 
edge with high resistance to edge tear. 

Moisture absorption property of the 
polyester web is only 0.5 per cent vs 
24 to 27 per cent for conventional cotton 
cloth. 

The white-colored polyester is avail- 
able in calipers ranging from 6.5 to 
9.5 mils in 36-yard lengths and in stand- 
ard widths up to 44 in. Minnesota Min- 
ing and Manufacturing Co., 900 Fau- 
quier St., St. Paul 6, Minn. 


Circle No. 3, Reader Inquiry Service Cards 
preceding back cover 


SHADED-POLE MOTOR HAS 
1/25 to 1/4 HP RATINGS 


Large-diameter shaded-pole motor, Type 
Y5, is 5% in. in diam and is avail- 
able with ratings from 45 to 14 hp. 
Higher efficiency, better stability. cooler 
operation and longer life are claimed 
for the design. For extremely limited 
space, manufacturers Wafer Thin de- 
sign can be supplied as short as 21% 
in. for a 4s-hp model. 


Motor is double-impregnated with 
heat-reactive insulating varnish. The 


stator is insulated with Mylar. Nylon- 
graphite thrust washers, combined with 
recirculating channels and oil slingers 
which return fugitive oil to reservoirs, 
permit this motor to be mounted in a 





vertical, inclined or horizontal position. 
\pplications of Type Y5 include air 
conditioning units, 
furnaces. Marco Industries. 
Terrace Blvd., Depew, N. Y. 
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blowers and 
Inc.. 786 


fans. 


LOW-LEAKAGE SEQUENCE 
VALVES FOR 3000 PSI 
HYDRAULIC SERVICE 


Series 4000 line of slide-type sequence 
values for 3000 psi hydraulic service 
features low leakage and low pressure 
drop. Stock 
maximum internal leakage of 15 drops 


models have a standard 
per min. Special models are available 
with maximum leakage values as low as 
5 drops per min. 

fully 


spool that is 


Valves are designed with a 


balanced. self-cleaning 
selectively lapped into a rigid sleeve. 


The entire spool assembly is hydrau- 





lically balanced to prevent possibilities 


of binding. Spools and sleeves are 
manufactured under techniques allow- 
ing extremely small clearances (in the 
low millionths of an inch) for low leak- 
age and minimum hysteresis. 

The 


with 


sequence valves are furnished 
AND-10050-4 or -6 ports for 14 
or *x-in. tube sizes; they operate in am- 
from 65 
to 275 F, and are provided with either 
full flow bypass or thermal type auxil- 
iary relief valves for use at cracking 
pressures ranging from 8 to 4000 psi. 


bient temperature ranges 
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| ready to supply you... 
with 
APPLIANCE 
THERMOSTATS 
For detailed data sheets, 
2 4 write to Mr. Robert H. Riddle, 
. Sales Manager 
5 AMERICAN THERMOSTAT 
| | (AAO) Fe acne sninissonacact lea peaaa 


SOUTH CAIRO, NEW YORK 


a ae ~ i Tharmn 
formerly affiliated with American General Thermostat Corp 
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SERAMELITE 


capacitors 


are sealed against 
heat and humidity 


with 





MR‘ RESINS 





The Good-All Seramelite capacitor 
is another of the outstanding ca- 
pacitors protected with electrical- 
grade Marco” Resin plastic to 
assure superior performance and 
long service life. 


Resin type capacitors operate 
efficiently over a wide tempera- 
ture range. High insulation resist- 
ance is maintained even under 
exaggerated conditions of humid- 
ity and moisture. Power loss is 
minimum, life expectancy unusu- 
ally high when capacitors are im- 
pregnated, molded, or sealed with 
Marco Resins. 


When you're looking for long 
and top capacitor service, choose 
a resin type, made by the leading 
capacitor manufacturers in 
America. *Reg. U.S. Pat. Off. 
Celanese Corporation of America, 
Plastics & Resins Division, Dept. 105-K 
290 Ferry Street, Newark 5, N. J. 
Canadian affiliate: 

Canadian Chemical Company, Ltd., 
Montreal and Toronto. 





Se - 
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Available in either plunger- or lever- 
operated models, the sequence valves 
provide flow in either direction from 
pressure port to outlet port when 
plunger is depressed. When plunger is 
extended, flow is blocked from outlet 
port to pressure port (but not through 
the relief sections). 

Series 4000, 4100 and 4200 valves are 
plunger-operated, while 4300 
are lever-operated. All valves are basic- 
ally identical in construction and opera- 
tion, and are said to meet applicable 
MIL specifications. Aircraft Products 
Co.. 300 Church Rd., Bridgeport, Pa. 
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WATER-TIGHT MACHINE- 
TOOL SWITCHES 


Heavy-duty machine-tool switches that 
incorporate a _ water-tight feature 
(NEMA Types 1-A, 2, 4, and 5) are 
designed to withstand water, dust and 
oil conditions under severe operating 
conditions. An O-ring shaft seal, captive 
cover screws, a watertight switch cover, 
and six back cover screws located at key 
points are said to assure positive water- 
seal. A glass fiber are shield provides 
are resistance. 

Variety of styles available include: 
Model L 100WS (double pole, single 
throw, double break). Model L 100WT 
(three pole, double break). Model 1 
1LOOWD (double 


pole, single throw. 





break). 


(neutral position, double throw, double 


double Model | LOOWN 
break, normally and Model | 
LOOWNC (neutral double 
throw, double break. normally closed ) 
All models have isolated circuits. 
Switches 


open). 


position, 


excellent 
electrical, mechanical and maintenance 
characteristics of former 
include 


also have the 


models. These 


contact units weighing only 





2.45 gm (mass at impact) which, cow. 
bined with low impact and minimum 
bounce, has extended contact life sub. 
stantially. They also provide 70-deg 
safety overtravel without the use of 
extra springs or cams. Switches are 
available with 150 lever styles, 
most styles having hardened pin and 
roller. The R. B. Denison Manufactur- 
ing Co., 102 St. Clair Ave., NW 
Cleveland 13, Ohio. 
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COLORED ANODIZED 
ALUMINUM 


Complete line of colored anodized alu 
minum sheet, tube, extruded shapes and 
fasteners is now available. 

Blue, green, yellow, gray, brown, gold 
and black metallic finishes can be or 
dered on sheet, extruded shapes, rod. 
bar and on drawn and extruded tube 
Shade variations of the standard color: 
ean also be obtained. The clear, dia 
mond-hard oxide coating is artificially 
built up and colored with special dye 
materials. This color is then “sealed-in,” 
becoming an integral part of the metal 

Colored aluminum products can be 
supplied for both indoor and outdoo: 
use and in two general classes of colo: 
anodized finish. Applications include 
use on appliances. 

Formerly most colored aluminum wa- 
batch-finished independently after the 
sheet or extruded shapes had been pur 
chased from the mill. Now a fabricator 
can order his color product directly 
Aluminum Company of America, 150) 
Aleoa Building, Pittsburgh 19, Pa 
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TIMER SWITCH FOR 
AUTOMATIC SEQUENCE 
CONTROLS 


Interval timer switch controls four dil 
ferent circuits to generate four dif 
ferent operations during an 8-sec cycle 
When used in an automatic vending 
machine, for example, it can control « 
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GREAT FEATURES 
Unique with 


U.S. VARIDRIVES 


...for dependable, 
long-life, Variable Speed 


With a U. S. Varidrive motor you can get instantly 
all the speeds needed for every operating condition. 
You can have infinite speeds at your instant 
command without resorting to cumbersome speed- 
changing contraptions and costly external equip- 
ment. The Varidrive combines all equipment in 
one compact “package?” occupying little more space 
than an ordinary motor, for convenient installation. 


lu 
nd 


ld 
Oo} 
0d. 
be 
OTs 
‘ia 
hy 
lye 
wee eeeeseeoeeeeseeeeseeeeeeeeeeeeeeneseeeeeeeeeeeneeeeeeee été le 


AUTOTAUT TENSION CONTROL 
Jo 
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Autotaut automatically compensates for wear, stretch 
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and changes in length of the belt drive due to temperature 
and, therefore, does not require manual adjustment. 

It establishes the exact tensien by employing the positive 
movement afforded by a live, resilient spring which has 
been accurately calibrated at the factory. 


——— 











itor 


uy sail DOUBLE-RIBBED BELT 


50) 
By application of the double-ribbed design, smaller 
diameters and greater speeds can be combined. The result 
is maximum motor compactness. This type belt provides 
double corrugation, reduces internal friction and permits 
greatest flexibility. The Varibelt has highest resistance to 
heat, oil and grease, and is protected from drippings by 
complete enclosure. 
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. SLIDING SPLINE 


Instead of relying upon a common key to connect the shaft 
and sliding Varidisc, the U. S. Varidrive gears parts 
together with an involute spline. Load is equally among 

16 integral teeth cut in the shaft. Both motor and driven 
shafts in the Varidrive are splined. Integral teeth provide 
maximum strength with minimum diameter, 
and reduce wear and vibration. 
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U. S. ELECTRICAL MOTORS INC. EM-11 A ma) 
P. O. Box 2058, Los Angeles 54, Calif., or Milford, Conn. i 


Ask for Booklet #1797 
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MAIL COUPON FOR INFORMATIVE FULL COLOR 16 PAGE BOOKLET i 
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WANT TO 


CONTROL 
cy Tz Rs 


Pictured is two-governor model 
independently controlling 4 speeds 
with D.T.S.P. switching. 


Compact SYNCRO-SNAP Packaged Control 
regulators are furnished in three types: 


1. For continuous, automatic speed regula- 
tion over a narrow speed band. 


2. As a governor-control of dual, prede- 
termined minimum/maximum speeds 
over a greater speed band. 


3. To govern a single high speed, or a 
single low speed. 


Packaged Controls can utilize up to three 
independent governors for control of mul- 
tiple or inter-related circuits. 


This versatile new SNYCRO-SNAP control 
can be located almost any place to control 
speeds on practically any mechanical, elec- 
trical or electronic rotating device, as well 
as inter-related equipment systems. Even 
fractional rpm can be regulated. Unit can 
be coupled in any convenient manner. 


This is the latest SYNCRO-SNAP develop- 
ment. It may be your simple answer to 
speed detection and control problems. 
WRITE TODAY FOR DETAILS. 





External speed adjustment through 
10% available — standard models 
furnished for foot or flange mounting. 





ENGINEERED PRODUCTS, INC. 


12 Interstate Street @ Bedford, Ohio 
Phone BEdford 2-4100 
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typical sequence of dropping a cup into 
place, opening a filling valve, closing 
the valve and releasing a latch, and 
totalizing sales. 

The basic switch action can be sup- 
plied for various lengths of total cycle, 
and with facilities for controlling de- 
sired number of circuits. Applications 
include automatic sequence controls for 
machine tools and other relatively short- 
interval uses. 

UL-approved, the switch operates 
from standard 110-volt, 60-cycle power 
lines. P. R. Mallory & Co., Inec., 3029 
E. Washington St., Indianapolis 6, Ind. 
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RELAY FOR OVERVOLTAGE 
PROTECTION SYSTEMS 


Overvoltage protection relay which can 
be incorporated into aircraft a-c elec- 
tric systems is patterned after the con- 
ventional fluorescent tube starter, but 
is more complex in construction to en- 
able it to handle a-c and d-c power 
simultaneously. Hermetically 


the “glow switch” overvoltage relay is 


sealed, 


sensitive to the peak voltage and can be 
used at any a-c supply frequency where 
the ratio of peak to rms is greater than 
1.3:1. Contacts are rated at 0.5 amp and 
28 volts. 

Time voltage characteristic of the 
relay is repeatable within 10 per cent 
of the original time after an elapsed 
time of 10 sec following operation; the 





device will hold time-voltage limits 
over a temperature range from —55 to 


120 C (sea level). There are no reso- 
nant frequencies up to 500 eps. Dimen- 
sions: 2.38 in. 
0.383 in. 


Design uses a hollow metal cylinder 


long with a diam of 


for the cathode. A wire anode is con- 
tained inside this cylinder. Two arched 
metal contact straps are mechanically 
secured to the cathode, but are electri- 
cally isolated. A contact ring is  at- 





tached to one strap for contacting the 
other strap when operation is required, 

The relay is normally used in con- 
junction with a slave relay, a transform. 
er and two resistors for obtaining the 
desired voltage levels and time delay 
characteristics. 

Typical operation cycle for the relay 
is as follows: A generator overvoltage 
is sensed and amplified by a trans- 
former. This signal fires the relay. The 
current flow between anode and cathode 
acts to heat the cathode. The tempera- 
ture rise of the cathode is predetermined 
by design to insure a desirable time 
(thus 
making it possible to prevent nuisance 


delay before circuit completion 


tripping during normal system = switch- 
ing). As the expands, — it 
stretches the arched straps until both 
are in contact with the contact ring. 


cathode 


This action completes the circuit and 
trips the slave relay in the generator ex- 
citation field circuit. The generator then 
de-energizes until the overvoltage relay 
is reset. Jack & Heintz, Inc.. Cleveland 
l. Ohio. 
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MIDGET ELECTROMAGNETIC 
CLUTCHES AND BRAKES 


Less than | in. in 
developed Size 100 


cluiches and brakes are useful on mini- 


diam, recently 


electromagnetic 


aturized equipment where a simple dis- 
connect or nonchattering brake is_ re- 
quired. The clutches can also be used 
for intermittent duty in- slip) appli- 
cations. 

Weighing 2's oz. and 
about 2 watts of power. the units de- 
liver 30 Useful at 


speeds to 4000 rpm, their response time 


consuming 


in.-oz of torque. 





ranges from 10-15 millisee, depending 
upon the power input and load char- 
acteristics. Inertia of the armature 
(driven parts) is 6.6 x 107 slug-foot’. 
In addition, the design allows for con- 
siderable between the 
driving and driven members. 

Size 100 clutches and brakes are 
available for operation at 28 or 100 
volts d-c: other voltages can be spe- 


misalignment 


cified on special order. Dimensions are 
Ag in. OD x 2 in. for the clutch: 1544; 
in. OD x '%¢ in. for the brake. Units 
are Parkerized for protection against 
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Every day, Crescent wiring specialists aresolving 
problems for more and more leading manufac- 
turers. Don’t “‘do-it-yourself’’. Let our design 
engineers show you how Crescent custom-built 
assemblies can do the job better—save you 
time, work and money. A field representative 
is near you right now. Write Dept. EM today, 
or telephone Pawtucket 2-3100. 
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Serving Industry for more than 30 years 
FOR COMPLETE INFORMATION, WRITE DEPT. EM. 
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on the go with Plenco... 


Whether for sturdy, eye-catching camera cases or 
beautiful, modern television cabinets—Plenco 
phenolics assistance to industry in its race for 
better design and durability at a lower cost 

is a matter of record. 


Plenco engineering and chemical research is a 
continuing factor in the development of new 
uses for phenolics in the manufacture of high 
quality products. Plenco’s experience and policy 
of constant research, testing and special services 
have been successful in developing better 
production methods—lower production costs. 


’ If you are a manufacturer or molder, investigate 


Plenco molding compounds and industrial resins 
today. Whatever your needs—present or 
future—Plenco products and research 

stand ready to serve you. 





PLASTICS ENGINEERING COMPANY 


PLENCO PHENOLICS 
Sheboygan, Wisconsin 


Serving the plastics industry in the manufacture of 
high grade phenolic molding compounds, 
industrial resins and coating resins. 


corrosion as required by MIL-C-12y6% 
[ype B, Class I; coils are fungus. 
proofed to meet requirements of MIL. 





T-10513. Dial Products Co., 9 Ave. E 


Bayonne N. 
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SLOW MAKE-AND- 
BREAK SWITCH 


Light-duty, slow make and break switch 


with “off” position in the center was 


designed primarily for use on a-c. Re 


duction in arcing on a-c permits the use 
of slow make, slow break mechanisms 





with a simple contact structure. De 


signed for one 
silver-plated 
amp, 125 vo 


-hole mounting, switch has 
contacts. Ratings are 3 
lts a-c, and 10 amp, 24 


volts d-c. Nipple length, 1% in. Circle 
F Manufacturing Co., Trenton, N. J 
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CUSHIONE 


New addition 
a 21% in.-bore 
cushioning at 
unit also fea 


valve and spe 


D AIR MOTOR 


to an air cylinder line t: 
air motor with adjustable 
either or both ends. The 
tures the built-in 4-way 
ed controls characteristic 





of the line. Th 
able lor é- or 


tact electrical 


e built-in valves are avail 
110-volt momentary con 
control (including ex 


plosion-proof models) ; 110, 220, 440, o1 


12-volt maint 


ained contact control; 


direct mechanical or manual control; 


air-pilot valve 
valve control. 
The motor, 


control; and air-poppet 


available in all standard 


mounting styles, operates at air pres 
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_.....  & Better Methods 


action firmly fastened radio transformer 
laminations in place and did two things a 
rivet couldn't do—aligned the laminations 
and compensated for minor hole variations 








oy ee With ROLLPIN 






Where can you use this 
simple fastener ? 


If you use locating dowels, hinge pins, rivets, set screws 
—or straight, knurled, tapered or cotter type pins, Rollpin 
offers the opportunity of a better method that can cut 
assembly and maintenance costs. This slotted tubular steel 
pin with chamfered ends eliminates special machining. 
tapping, and the need for precision tolerances. Driven into 
a hole drilled to normal production standards, it locks 
securely in place, yet can 
readily be drifted out and 


reused whenever necessary. 








ELASTIC STOP NUT CORPORATION 
OF AMERICA : 
hed 
OLE, 
i csaiean 
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TO REPLACE A STOP PIN~ TO REPLACE A SET SCREW on 


Rollpin’s self-locking action elimi- | automobile brake handle, Rollpin 

nated staking or peening opera- _ is self-retained in the hand grip 

tions required to retain a straight but can easily be driven into over- 

solid pin. drilled hole in shaft to free han- 
dle, then removed and used 
again. 





TO REPLACE A DRIVING PIN for a flexible drive shaft on a washing 
machine, Rollpin cut assembly costs by eliminating precision drilling 
and reaming 


MAIL COUPON FOR DESIGN INFORMATION 


Elastic Stop Nut Corporation of America 
Dept. R37-1122, 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastener information: 


~] Rollpin samples [_] Here is a drawing of our product. 
] Rollpin bulletin What self-locking fastener would | 
you suggest? 


| Name Title 
: Firm ! 
| Street | 
City Zone_ State. : 
I 






























TYPE MLC 


Capacitance (with 1 Form "A" switch): 
Capacitance between open contacts .75 mmfd; 
Capacitance between closed contacts 2.0 mmfd; 
Capacitance from contact to ground 1.25 mmfd. 

Coil Resistance: Up to 6500 ohms (No. 44 AWG wire). 
Contact Rating: 3 amps. @ 28 VDC max. Suitable 

for low level audio or r.f. loads. Contact 

material dependent on application. 

Contact Combination: Standard, up to 1 Form "C”. 
Shock: Meets requirements of MIL-R-5757B. 
Vibration: 10G up to 500 CPS. 








s ae AVAILAB 

Size: 2%" wide, 1%" long, 156” high ae 

with 1 Form C. : 
MANUFACTURED 


Applications: 


communications 


For guided missiles, h.f. 


: TO EXACTLY 
equipment, etc. 


FIT YOUR NEEDS 
* 

SEND FOR 

DETAILS 

NOW 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 











RELAYS « SOLENOIDS « COILS » TRANSFORMERS + SWITCHES « HERMETIC SEALING 





sures as high as 175 psi, and develops a 
thrust equal to five times the air pres. 
sure applied. Cushioning is fully ad. 
justable by a metering screw located jp 
each cushioned head. Metering screws 
are equipped with locknuts to prevent 
changes of settings during operation, 
Cushioning is effective on the final 34. 
in. of the stroke. The Bellows Co., 229 
E. Market St.. Akron 8, Ohio. 
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ULTRA-THIN CERAMICS 
AlSiMag 393 
as thin as 0.009 in. are 


Custom-made ceramics 
useful as in- 
sulating materials in electron tube and 
other applications. Principal advan. 
tages inherent in these ultra-thin cer. 


amics include ability to degas at higher 





operating 


extension of 


temperatures ; 
temperature range for the finished tube; 
elimination of emission loss resulting 
from high temperatures, shock and _ vi- 
bration; and superior resistance to heat 
deterioration. American Lava Corp.. 
Cherokee Blvd. & Mfgrs. Rd., Chatta- 
nooga 5, Tenn. 
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SIZE 15 SERVO FOR 150 C 


Size 15. 400-cvcle 
also meets Mark 7 specifications, is said 


servo motor. which 


to have operated at an ambient tem- 


perature of 150 C > continuously for 
1000. hr. 


sults in top performance for a 


Extremely small air gap re- 


high 





Humidity 


torque-to-inertia ratio. pro- 


tection is given by encapsulating the 
entire stator in a thermosetting resin to 
meet MIL-E-5272 

2287 has stainless steel ball 
bearings and meets MIL-S-17087 spe- 
1.437 in. 


weight. 8 oz. 


Series 


cifications. Dimensions are 
OD x 1.640 in. 


long: 
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hex nuts 


separators 


problem with PLASKON'® alkyd 


Here is another instance where PLASKON Alkyd was given a difficult ... 
and highly specialized job to do, and succeeded with flying colors. General 
Electric needed a versatile, insulating material for separators between turns 
of carrier current line trap coils, and for nuts to bolt the line traps together. 

Glass-reinforceed PLASKON Alkyd Molding Compound was selected for 
both because it met all the specifications of physical and electrical endurance 
required. Alkyd has great resistance to arcing and leaking under high 
voltage, and when reinforced with glass, has extraordinary compressive, 
flexural and impact strength as well. It is self-extinguishing, has exceptional 





dimensional stability and is resistant to weathering. 

The demand by industry and the military for a plastic to meet exacting ) C| <0) \ 
requirements and offer mass production economies has made PLASKON fi ri \e 
Alkyd an obvious essential in today’s specialized and highly advanced end- 
products. Have you investigated the unlimited possibilities of alkyd for your 
products? Why not call your local Plaskon man for complete information. 


fen =«ofor further information on PLASKON Plastics and Resins 
hi address BARRETT DIVISION, Allied Chemical & Dye Corpo 
ration, Dept. 14-K, 40 Rector St., N.Y. 6, N.Y. HAnover 2-7300 


hemical 
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need a finish for 
LCL Les 





Here’s the finish that combines corrosion resistance and 
paint adherence with extreme ease of application. It can 
be welded or soldered with no difficulty and presents no 
problem in “patching’’ scratches, marks or scraped 
sections. Here’s what you can do with Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion re- 
sistant finishes to meet any military or civilian specifi- 
cations and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 

ON COPPER .... Iridite brightens copper, keeps it tarnish- 
free; also lets you drastically cut the cost of copper- 
chrome plating by reducing the need for buffing. 

ON ALUMINUM I[ridite gives you a choice of natural alumi- 
num, a golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 

ON MAGNESIUM Iridite provides a highly protective film 
in deepening shades of brown. No boiling, elaborate 
cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room tempera- 
ture by dip, brush or spray. No electrolysis. No special 
equipment. No exhausts. No specially trained opera- 
tors. Single dip for basic coatings. Double dip for dye 
colors. The protective Iridite coating is not a superim- 
posed film, cannot flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you 


complete data. Write direct or call in your Iridite Field Engineer. 
He’s listed under"'Plating Supplies"’in your classified phone book. 


cm 


4004 06 E’'MONUMENT STREET © BALTIMORE 5 MD 


& -_*) = 


INCORPORATED 








Specifications include: minimum stal] 
torque, 1.45 in.-oz; no-load speed, 4800 
rpm min; and power input at stall, 12.2 
watts total, 

The fixed phase operates on 115 
volts: the control phase may be con. 
nected for 115 or 57.5 volts. Series 2287 
may also be wound for 60-cycle opera. 
tion, in which case no-load speed min js 
3200 rpm. John Oster Manufacturing 
Co.. 1 Main St.. Racine, Wis. 
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ROTARY LIMIT SWITCH 


Primary use of Model B= rotary limit 
switch. featuring ratios of 250:1. 500:] 
or 1000:1, is for machine tools. han- 
dling devices and rotary equipment 
where motion is expressed in shaft rota- 
tion. 

Two Micro Switches. operated — by 
independently adjustable cams. provide 





the upper and lower limits. Standard 
units are supplied in a molded fiber 
glass alloy case: special rotary limit 
switches are available in’ explosion- 
proof enclosures. Gemco Electric Co., 
25681 W. 8 Mile Rd.. Detroit 19. Mich. 
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WIDE-RANGE TRANSISTOR 
POWER SUPPLY 


Especially engineered to power re- 
sistors, compact d-c power supply is 
used also in designing transistor cir- 
cuits and in transistor development 





work. Designated Model T-100A. the 
unit is a closely regulated. dual-voltage 
supply. with both outputs contained in 
a single chassis suitable for rack mount- 
ing or bench use. Cabinet size: 514 in. 
high. 19 in. wide. 14 in. deep. 

Each output supplies 0-100 volts d-c 
continuously variable (without switch- 
ing). and 0-100 ma max. No derating of 
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output current is necessary. Voltage is 
adjustable to 1 10th-volt variations. 

Regulation for d-c outputs is 20 my 
change no-load to full load; for line 
voltage 115 volts a-c =10 per cent, 
0.1 per cent change in output voltage; 
for line voltage 115 volts a-c +5 per 
cent. 0.05 per cent change in output 
voltage. Ripple is below 1.5 mv rms 
for anv voltage within the ratings. Re- 
covery time: 0 to full load: 0.5 millisee ; 
full load to removal: 0.25 milisec. 

Drift. after l-hr stabilization time, is 
less than 0.1 per cent in an 8-hr 
period. Both outputs are floating, and 
either positive or negative output may 
be grounded. Dressen-Barnes Corp., 250 
N. Vinedo Ave., Pasadena 8, Calif. 
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IMPROVED TURNS- 
COUNTING DIAL 


Newly designed 900) series Duodial 
turns-counting dial, which replaces the 
W series, permits greater sensitivity of 
adjustment, and increases readability. 
Diameter and overall dimensions are 
the same as for the superseded W 
series. 

In the 900 series, the index has been 
changed from a solid bar to a triangle 
which zeroes in on the outer-dial num- 
ber. The lines formerly between num- 





bers have been replaced by a triangular 
index located over each numeral, assur- 
ing greater readability. The dials also 
have an eccentric finger-hole for rapid 
rotation in approaching the desired 
setting. 

The four available models. identical 
except for calibration of the outer dial, 
are designed for use with devices having 
a !y in. diam shaft. Model 901 has 10 
turns capacity: model 902, 15 turns: 
model 903, 25 turns and model 904, 
K) turns. 

The Duodial consists of two coaxial 
dials: the inner dial which counts hun- 
dredths of each turn, and the outer dial 
which counts the number of completed 
turns. The dial is integrally mounted 
with the inner dial and connects directly 
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most powerful for its size 


Laminated rotor construction of the Model 50 Hagen Motor 
produces exceptionally high torque. For example. the rotor 
develops 10 ounce inches torque at 4 RPM. This motor is ideal 
for those applications requiring from 5 to 10 times the power 
of clock-type miniature motors. Yet in spite of its power. the 
motor is extremely compact: 


DIMENSIONS 
3-3/32 3-1/16 
1-13/32 1-23/32 


Just a few of the many possibilities for use are: door chimes, 






laundry timers, depth finders, animated displays, heating con- 
trols, program clocks, fire alarm systems, integrators, time 
switches, chart drives, scoreboards, potentiometer drives. Motor 
may be mounted in any position. Wide selection of output 
speeds from 1800 to 1/6th RPM. Reversible and other models 
available. Send coupon for Bulletin No. 1055. 


MAIL COUPON TODAY 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. EM-1155, Moline, Illinois 


Please send Bulletin 1055 on Hagen Synchronous 
Motors. 


NAME AND TITLE 
COMPANY 
ADDRESS 


cITY ZONE STATE 
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For Servicing Electrical Instruments 









RECOMMENDED BY 

LEADING AIRCRAFT 

INSTRUMENT MAKERS 
Used by leading airlines, certif- 


icated instrument repair sta- 
tions, and government services 


throughout the world. 
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*24,000 AMPERES 


Dual Range selected by 
switch on front panel: 12,000 
amperes for magnets with low 
coercive force and 24,000 am- 
peres for large Alnico V mag- 
nets. 


MA WHA 
MUAH 






Charges all Kinds 
and Shapes of 
Permanent Magnets 


Operates on impulse magnetizing 
principle with energy stored in 
high capacity bank. Charging cur- 
rent in transformer secondary 
passes directly thru charging bar 
or special adapter. Wire-wound 
fixtures for core type magnets 
can be connected to condenser 
bank. This system permits charg- 
ing any magnet shape. 
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Versatile New 


Model 107A 


is Portable and 
Easy to Operate 


Convenient thumbscrew connection to 
front end charging assembly permits quick 
mounting of magnet in charging position. 
Average magnetizing cycle is less than 5 
seconds. Panel voltmeter indicates con- 
denser charge and provides a visual indi- 
cation of the complete magnetizing cycle. 


New Model 889 


Weighing only 75 Ibs., with over-all size 
of 12 x 7 x 17, the unit operates from a 
regular 110/120 volt, 50/60 cycle source. 
An accessory transformer for 220-volt oper- 
ation is available. Power consumption 
averages 15 watts. Model 107A is available 
from stock at $490. net, f.o.b. Boonton. 





MODEL 889 Magnetreater can be 
used with Magnet Charger or Model 
206 Booster to provide a controlled, 


Macnetreater® @ ? : 
© ce Ae precise method for rapidly treating 
De-magnetizes . permanent magnets, particularly the 
Saturated Magnets eS new core type instrument mecha- 
i Monta “By = nisms. Also useful for de-magnetiz- 
o any aesire 22. ing tools or machined parts. Net 
‘ price $163. 


level of flux en 


Write for technical data and application information. 


Kadio Frequency 


LABORATORIES, INC. 
Boonton 9, New Jersey, U.S.A. 


DESIGNERS AND MANUFACTURERS OF ELECTRICAL EQUIPMENT SINCE 1922 
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Duodial. thus offering accurate readi 
free from backlash. Helipot Corp 
Meridian 
Calif. 


coll 
cormers, 


to hold tolerances. 





the shatt of the device using the 


916 


South Pasadena 18 


Ave.. 
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MOVING-COIL FORMS 


Method of producing a line of moving. 


is sald to reduce cracked 


forms 


incorrect. temper and failure 


are available 


Forms 





jc 9 
) oo. 


alloy (2.0, 
copper, with tolerances 
0.00] walls down to 0.003 
Size range from °, in. OD down, 
(dimension refers to OD of tubing trom 
which made). Unitorm 
Tubes. Ine.. Pa 
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SUBMINIATURE VIBRATORS 
FOR AIRBORNE DEVICES 

Series 1600 and 1600G 
vibrators are 8-contact, 400 cycle units 


designed for either interrupter or -elf- 
operation. 


subminiature 


(synchronous ) 


rectifving 
in a eylindrical case 


Thev are housed 





measuring %, in. diam x 1% in. 


length, exclusive of prongs. Plug-in base 
miniature 


standard = seven-pin 


fits a 
socket. 

Series 1600G vibrator has been «ce 
~igned for operation under severe vi- 
bration shock and sustained accelera 


tion. Total weight of its moving sv-tem 
Force on the contact- 


is 8 milligrams. 
Drie 


when fully engaged is 250 grams 
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ANACONDA WIRE & CABLE COMPANY 


Muskegon, Michigan 


Interoffice Correspondence 


ro: All Anaconda Magnet Wire Sales Staff MUSKEGON, July 15, 1955 
erom: F. L. Meeske, Vice President 


suBJECT: New Magnet Wire Insulations 


If _ you were in our development engineering department, 
HOW WOULD YOU DECIDE WHICH INSULATIONS TO USE? 


If your magnet wire customers are confused to hear about all the new 
insulations, picture what our development engineering department 
is up against. 


There are dozens of types of insulations available today. And there are 
actually hundreds of different formulas and combinations of these new 
insulating compounds which could be used. 


Your customers, as users, can try out one of these new products—and if 
they don't like it, or if it doesn't stand up well enough—they can 
switch back to their "old reliable." 


But when a magnet wire manufacturer makes a switch from an old reliable 
to a "new miracle insulation," he'd better be right—because that wire 
can affect hundreds, or thousands, of products. 


As manufacturers, we want to be progressive and to lead the field with 
NEW things. But we also want to protect the trust that our customers 
put in us. . When they buy our magnet wire, they have a right to expect 
that it will stand up under the service for which it is intended. If it 
doesn't—they may not be our customers for long. 


In the Anaconda laboratories today, there are literally dozens of 
development projects on new and improved insulations. 


Some of our good friends and customers are also testing certain new 
developments for us under actual end-use conditions. 


When our development engineers, our quality control people, our test 
installations, and our business judgment all agree that a new product 

is ready for market—then we can go all out with a feeling of 
confidence. That is how our Vitrotex*, Silotex*, and other products were 
born. Sometimes it is harder to decide what NOT to make than 

it is to decide what to make. 


SO you can see that our development people have somewhat different 
problems than our magnet wire customers. But we believe that they would 
do what we try to do—develop and test and field-test, over and over, 
until the product is good enough to carry the Anaconda name. We believe 
you will agree that this is the practical approach to the questions of 
what insulations we should use. And we believe that it should give you— 
and incidentally, your customers—confidence in the products we offer. 
That's how we built our business—and that's our plan for the future. 

































A typical day for a to its design, Series 1600G shows no 
rubber part molded from appreciable unbalance at a_ sustained 


acceleration at 50 g. even along. its 
Prick CONE by ROTH most sensitive plane. It is expected that 
the amount of unbalance along this 
sensitive plane at an acceleration of 
120 g will be low enough to permit 
normal operation. 

In addition, Series 1600G_ vibrator 
can withstand shocks of 1000 ¢ and 
vibration from 0 to 600 cps at 10 g. 
Due to its inherent high Q structure. 
Series 1600G vibrator can be driven at 
full amplitude with 450 milliwatts. 

In applications not subject to severe 
external forces. Series 1600 vibrator. 
requiring a driving power of 200 milli- 
watts, can give adequate performance. 

Series 1600 vibrator can handle up 
to 6 watts of useful power in properly 
designed d-c to d-c and d-c to a-« 
power supplies. It is available for oper- 
ation at input voltages from 2 to 32 
volts d-c. Vibration Research Labora- 
tories. Inc.. 97 Lake Ave.. Tuckahoe, 
me S. 
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COMPACT 4-HP VARIABLE 
SPEED PULLEY 


Suitable for limited space applications. 
14-hp variable speed pulley is so de- 
signed that it can be mounted with the 
belt take-off close to the motor and/or 
reversed, in which case the belt take- 






off is in an overhung position away from 


CHEMICALS AND 
SOLVENTS sf 


WATER, WIND, 
ELECTRICITY 


Do vou have a rubber part problem that can't be solved due 


to temperature extremes. weathering, resistance to chemicals 
or poor dialectric properties? If so, ROTH Rubber may have 
the answer in molded Silicone parts. It costs only a phone 
call or letter to find out if ROTH can solve vour problem. 
Why not let ROTH work on it for vou? No obligation. 





Engineers and Rubber Buyers! 


ae . d ia the motor. The pulley delivers speed 
rite tor your tree oO ber NZ ver. s suse . 5 . . 
Write for your free Roth Rubber Sampler. This unusual kit wills sam tb Ol. Ae Acontinn belt 


contains actual rubber samples with hardness from 5 to 100 used. Maximum bore is 3% in. with 


Durometer...gives ASTM specs and lists uses for each sample. keyway. 
Sorry. but offer must be limited to engineers and rubber Bronze oil-impregnated bearing elim- 
: ; . inate “ed for ‘ication: wever. 
na buyers only. Please ask for Roth Rubber Sampler No. EM3. inates need for lubrication: however 






where applications demand lubrication. 
pulley is equipped with a pressure lubri- 
cation grease fitting on the open end 
of the bore, with grease channels run- 
ning to the bearing surfaces. ) 
Known as the E-1350 Variable Speed | 
Pulley, the unit is made from fine 
grained castings. The outer sheave is 


1856 S. 54th Avenue, Chicago 50 


Custom Manufacturers of Industrial Rubber Products Since 1923 keyed to the inner shaft with a heavy- 
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WHEREVER TO 


small special service AC MOTORS... 


Since 1906 Hertner motors have been first choice wherever top quality 
and precision engineering are basic design requirements. Great 
flexibility within Hertner’s eight basic frame diameters is utilized to produce 
such types as precision servo motors, light weight blower motors, pump 


and antenna drives, induction or synchronous motors. Motors are 


totally enclosed 


requirements and feature special corrosion resistant finishes. 


Strict military requirements are consistently met. 


WRITE FOR BULLETIN 502 R11 


No. 175 High Altitude Pump Drive 


. . high shock resistant . . . meet high temperature 





KEADEK INQUIRY SERVICE 


ARDs, 


PRECEDING 


No. 189 Electronic Chassis Cooler 










. 
a 


Pe Le 


No. 181 Aircraft Heat Exchanger 





No. 160 Size 10 Miniature Servos and Drives No. 188 Aircraft Ventilation Cooling 


THE HERTNER ELECTRIC COMPANY 


SMALL MOTOR DIVISION 
12690 ELMWOOD AVENUE CLEVELAND 11, OHIO, U.S.A. 





A SUBSIDIARY OF GENERAL 
7a GA PRECISION EQUIPMENT CORPORATION 


MOTOR-GENERATORS * A.C. & D.C. MOTORS * A.C. & D.C. GENERATORS * HIGH FREQUENCY ALTERNATORS 


Western Area Rep. 


PACIFIC SCIENTIFIC COMPANY Eastern Area Rep. 
Los Angeles — Seattle — San Diego — R. B. BARNHILL & ASSOCIATES 
San Francisco — Portland — Arlington, Texas Baltimore — Camden 
BACK COVER 19] 
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Three New 
AC Servo 
Types 


Available.. 


STANDARDIZED 
SERVO SYSTEMS 
AND OTHER 
STANDARD TYPES 
FOR AUTOMATIC 
CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag- 
netic amplifiers are 
available for appli- 
cations involving 
automatic control. 


CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF fe 

THE GENERAL /& 
CERAMICS 3 

CORPORATION rN 
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asnetic 
mplifiers 


115 VOLTS 
6 or 400 cps. 


INPUT NO. 1} 
INPUT NO. 2 


@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 


Supply: 115 volt 400 cps. 

Power output: 3.5, 6, 10, 18 watts 
Sensitivity: 1 volt AC 

Response Time: .03 sec. 

Lowest Cost — Smallest Size . 
For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec. 
Highest performance — All magnetic ® 
For further information request Form $496 


© TRANSI-MAG*: TRANSISTOR + = * 
HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .01 sec. 
Fost response at high gain 
For further information request Form $499 
(400 cps.); Form $497 (60 cps.) 


| MAGNETIC *TRADE NAME 
? AMPLIFIERS - INC 


> Telephone: CYpress 2-6610 
ZY 632 TINTON AVE., NEW YORK 55,N. Y. 









duty kev and held in position by a spe 
cial screw. The sliding shaft. which js 
part of the inner sheave. is precision. 
ground tor close fit on the oil-impreg- 
nated bearings which are pressed into 
the outer sheave prior to assembly. 
The pulley can be used with manufac. 
turer's Model 135 Variable Speed Base. 
Model 200 Tilting Base or any othe; 
sliding base or shifting mechanism. 
Overall dimensions: 3% in. long x 3 in. 
diam. Weight. 26 oz. Lovejoy Flexible 


Coupling Co.. 4802 W. Lake St.. Chi- 


| eago 44. TIL 





Circle No. 20, Reader Inquiry Service Cards 
preceding back cover 


REPEAT CYCLE TIMER 


Suitable design into automati 
machines, and other equipment, elec- 
tronic repeat 


for 


cycle timer utilizes an 


electronic circuit with two cold-cathode 
Independent 


triodes. adjustability of 





both On and Off cycles from 0.1-12 se 
is provided. Output is a single pole- 
double throw 
tacts. 


relay with 5-amp_ con- 
available for panel 
mounting or in a 3 in. x 4 in. x 5 in. 
box. G. C. Wilson & Co., 1915 Eighth 
Ave., Huntington, W. Va. 


Circle No. 21, Reader Inquiry Service Cards 
preceding back cover 


Timer is 


ENCAPSULATED 
WIRE-WOUND RESISTORS 
FOR PRINTED-CIRCUIT 
APPLICATIONS 


Series A use In printed- 
wiring circuits are designed to conform 
to proposed RETMA specifications for 


components used in automatic assembly 


resistors for 





The 


equipment. resistors are encap- 
sulated in an epoxy compound for pro 
tection against extreme humidity, and 
mechanical and thermal shock. Sealed- 
in terminal connections are welded and 
are satisty 


said to requirements of 
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Here’s how 


Kodak combines 


with 14-inch 
screen economy 





in the new Kodak Contour Projector Model 14-5 


If you make heavy, bulky parts to close tolerances, the 
new Kodak Contour Projector, Model 14-5, has a place 
in your inspection program. 

For the 14-5 combines the heavy-duty work table 
and 8” travel of the Model 30 with the economy of a 
14-inch screen. 

The result: a projector that makes light work of 
checking heavy parts. 

Mechanically, the Model 14-5 provides a large (26” x 
8”) work table built to handle heavy loads without 
measurable deviation. A full 17.5” throat clearance 
helps you position cumbersome parts quickly and 
easily. Table travel of 8” in both horizontal and vertical 
planes speeds measurement. A built-in helix table ro- 


EASTMAN KODAK COMPANY 


Special Products Sales Division, Rochester 4, N. Y. 


the KODAK CONTOUR PROJECTOR 


INOLIRY SERVICk CARDS. PRECEDING BACK COVER 


tates 15° in either direction for gaging threads or 
similar parts. 

Optically, the Model 14-5 incorporates all the unique 
developments that have made the Kodak Contour Pro- 
jector, Model 2A, leader in its field: bright screen image 
for easy reading, six-station lens turret for instant 
change of magnification, and self-contained Surface 
Illuminator. 

For complete information on the Model 14-5, write 
for the new 12-page booklet “‘Projection Gaging with 
Kodak Contour Projectors.” It tells how this new 
precision projector can help you check parts and com- 
ponents to accuracies of the order of .0001’—dquickly 
and economically. 
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Ingenious electro-mechanical 
device generates 
sine or cosine function 


From a combination of mechanical and electrical principles, Ford 
Instrument Company engineers have produced and patented an 
electro-mechanical device to generate sine and cosine functions. The 
mechanical portion is an internal-gear angle resolver. It consists of 
two gears — an internal gear and a pinion. Because the pinion has 
exactly half the number of teeth as the internal gear, the pin on its 
pitch circle traces a straight line when the pinion rolls inside the 
angle gear. 

Furthermore, the displacement of the pin relative to the center of 
the internal gear is proportional to the sine (or cosine) of the roll 
angle of the pinion. 

If a linear potentiometer is now placed along the diameter of the 
internal gear and a potentiometer slider is fastened to the pin on the 
pinion, the voltage picked off by the brush is proportional to the 
sine (or cosine) of the angle. 

Two such systems, connected in tandem, produce simultaneous} 
both the sine and cosine functions. 

This is another example of Ford Instrument engineering ingenuity. 
What appears on the surface to be a complex problem is solved by 
the combination of well-known principles. 

Perhaps you have a problem that could benefit from Ford Instru- 
ment experience. Ford Instrument engineers work every day with 
systems using mechanics, electronics, hydraulics, electro-mechanics, 
magnetics, atomics. How can Ford help you? 


@ FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 








MIL-R-93A and JAN-R-93. Pempera- 


ture coefhicient: = 0.0022 per cent per 
deg C: operating temperature: —65 to 


125 C: wattage range trom 0.25 to ] 
watt. with tolerances to 0.1 per cent. 
Hycor Co.. Inc. 11423 Vanowen St. 
North Hollywood. Calif. 


Circle No. 22, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC SERVO AMPLIFIERS 
WITH TRANSISTOR 
CIRCUITRY 


Standard line of  transistor-magneti 
servo amplifiers. the Transi-Mags. uses 
static components and has high sensitiv. 
ity and high input impedance. Units are 
available for practically all standard 





60- and 400-cps servo motors. Ambient 
temperature range of pe 40° 7) Was 
standard. although higher temperature 
units are available. Small size and 
lightweight make these units especially 
suitable for airborne applications. Mag- 
netic Amplifiers. Inc.. 632 Tinton Ave.. 


New York BS. N. x 


Circle No. 23, Reader Inquiry Service Cards 
preceding back cover 


PLASTIC EXTRUSIONS 
HAVE HIGH GLOSS 
OF POLISHED METAL 


Chrome-like plastics extrusions featur- 
ing the high gloss and luster of polished 
brass. copper. silver. or gold are excel- 
lent as trimstrips and functional mould- 
ing for cabinets. printed decorative des- 
ignation strips, or wherever visual ap- 
peal is important. Effect of the Third 
Dimension Extrusions is achieved by 
permanently embedding bright metal 
foil into thermoplastics extrusions, pro- 
viding a metallic finish that will not 
wear, scratch, rust, or corrode. It is also 
said to be unaffected by perspiration o1 
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FOR A BETTER DESIGN... 
Use Wire, Rod, & Strip 


FOR BETTER PRODUCT 
PERFORMANCE... Use Alloys 


Among the alloys we fabricate, you will surely 
find one with just the right combination of 
properties for your specific application. And 


ofit from the fabrication advanta 
FOR A MILLION PRODUCTS rt chil ata ied aaa ol 


rod and strip parts and assemblies. Select 
the alloy you need from these three functional 
groups: 
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SS S Al | Wi STAINLESS STEELS — 
xs vy 2S Oy l re, Alloy Metal Wire Division can provide you with 
é ~Y more than 20 different grades of stainless 
ey steels. These include the chromium-nickel 
Ss Ro ad a n ad Austenitic grades with their outstanding cor- 
rosion resistance and good mechanical proper- 
ties; the high chromium: Ferritic grades with 





their high heat resistance, corrosion resistance, 
ri Dp. and outstanding cold working properties; and 
ae the lower chromium Martensitic grades which 
~ a | can be heat treated to obtain exceptionally 
= or € u - — om arenes in ane to 
( & = a : : . g resistance to corrosion an em- 
< uy > =: =e a Design Engineers are taking advan- peratures. Stainless steel Wire, Rod. and Strip 
- s tage of the outstanding mechanical are ened entonsively ter: high SUengey ne 
/ 9 : 5 corrosion-resistant fasteners, springs and me- 
0 i and electrical properties and excel- chanical parts and for welding wire, woven 
: ae ? and knitted wire parts, and many other ap- 
hi lent formability of Alloy Wire, Rod licati 
a ’ plications, 
2 oe ms and Strip. Results: Better products, 


NICKEL ALLOYS — 


smaller and lighter products, prod- A wide variety of Nickel alloys are also avail- 


ucts that are more corrosion-resistant able for hundreds of electrical and mechanical 
? applications. The excellent electrical charac- 
more heat-resistant, more attractive teristics of nickel are especially advantageous 


for electronic tube parts, such as grids, cath- 


—and more economical. odes, support rods and pins. Monel, because 


: eee of its excellent corrosion resistance and good 
Alloy Metal Wire Division can mechanical properties, is also used for many 
supp! ou with high qualit wire, mechanical parts, fasteners and springs. 
P P i ane & . q y Inconel: provides the valuable combination 
rod and strip in Stainless Steels, of outstanding heat resistance, corrosion re- 


sistance and high strength required in many 
applications. 


Nickel Alloys and Electrical Resist- 


ance Alloys. Why not put these ver- RESISTANCE ALLOYS — 


Five grades of electrical resistance alloys are 
now in production in wire, rod and strip form. 
These are: Alray A—20 Cr, 80Ni; Alray C—15 Cr, 
62Ni, bal Fe; Alray D—18 Cr, 35Ni, bal Fe; 
Excelsior—45 Ni, 55 Cu; and Ni—Fe alloys. 
These high quality alloys find extensive ap- 
SEND plications in the electrical and electronic 


fields. 
FOR FREE 
SPECIAL WIRE SHAPES — 
HANDBOOKS You can cut costs and improve. product per- 


formance with Alloy Metal’s Special Shaped 

TODAY Wire. Almost any cross-sectional shape can 
be made on our wire drawing equipment. These 

shapes can save you tons 0; metal and many 


satile materials to work for you? 


D-2—Nickel Alloys hours of machining time. Shaped wire can be 
heid to close tolerances and has a smooth, 
D-3—Stainless Steels tough, flaw-free surface. 


ALLOY METAL WIRE DIVISION 


H p H. K. PORTER COMPANY, INC. 
i 


of Pittsburgh 
oe PROSPECT PARK, PENNSYLVANIA 
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MARK-TIME makes 
a Cat 


Ci) Ce 


Manufacturers everywhere are 
using Mark-Time Timing De- 














vices for sales appeal. For your 
new designs call on our com- 
petent staff of designers and 
engineers — they will work 
closely with you to create a 
time control for any new 


M. H. RHODES, INC. 
HARTFORD 6, CONN. 
Manufactured and Sold in Canada by 


SPERRY GYROSCOPE OTTAWA, LIMITED 
Ottawa, Ontario, Canada 


The trademark 
on over 6,000,000 
solenoids since 1927 


(WiesCo 





MARK-TIME 


makes the difference! 





MARK-TIME automatic time 
switch eliminates over-ex posure 
and under-exposure in a new 
photo-offset unit. By accurately 
controlling the plate exposure 
time interval, MARK-TIME 
makes it easy for business of- 
fices to prepare photo-offset 
plates right in the office. 


Vark-Time representatives in 
cities throughout the U.S 


the quantity 
you need! 


WESCo’s famous Series 100, 200 and 
400 AC solenoids—75 models in all 
—are immediately available in small 
or large quantities! WesCo has a 
solenoid for your application. Send 
your requirements now. 


AC OR DC CATALOGS AVAILABLE 


For complete information on AC 
solenoids, write for new WesCo 
AC catalog. 

If you require DC solenoids for aircraft, we 


can furnish design and engineering for any 
application. 


WEST COAST 


ELECTRICAL MFG. CORP. 


233 W. 116th PLACE « AC DIVISION 105 « LOS ANGELES 61, CALIFORNIA « PLeasant 5-1138 
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fingerprints. The shapes are custom 
extruded to specifications in U, H, L.. T, 


| V. E, and other cross-sections. They can 


be bent. drilled. or mitered, as well as 
printed, silk-screened, hot stamped. o1 
otherwise decorated. Cellulose acetate 
butyrate (Tenite II), is generally used. 
but it is also possible to use acrylics o 
styrenes for this process. Anchor Plas. 
tics Co. Inc.. 36-36 36th St., Long 
Island Citv 6. N. Y. 
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U-TYPE QUARTZ RADIANT 
IMMERSION HEATER 

Electric translucent — fused 
quartz immersion heater was designed 
to solve problems encountered in the 


radiant 


heating of acid electroplating and pick- 
ing solutions. 

Advantages of the U-type quartz im- 
mersion heater include instant heating: 
100 per cent short-proof construction: 
and 100 per cent thermal and = shock- 
proof construction. Greater accuracy in 





controlling bath temperatures is said 
to be possible with the new immersion 
heater. when used with a thermostat. 
because there is virtually no thermal 
lag between thermostat and heater. 
Heater consists of two interchange- 
able components: the U-shaped quartz 
heating element and the combined 
junction box and guard assembly. The 
resistance heating element is mounted 
inside the l-shaped quartz tube and 
the coil is firmly supported with a 
special heat-conducting powder. Het 
metic sealing locks out acid fumes. 
The U tube element rests, at the top. 


on a special neoprene gasket) which 


absorbs mechanical shock on the guard, 


thus protecting the tube from damage 
when it is mounted in the tank 
Additional advantage is increased 
wattage. attainable because the two | 
tube elements are mounted parallel to 
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BEFORE YOU SAY ‘IMPOSSIBLE!’ 


R/M “TEFLON” is blazing many trails that few people thought 
would ever open up. Daily it is instrumental in improving old prod- 
ucts and processes, in developing new ones, and in effecting unheard- 
of economies. In the form of tape and other component parts, R/M 
TEFLON” has already licked many electrical and electronics problems 
once thought unsolvable. So turn to R/M if you have a problem that 
“TEFLON” might possibly solve. We can fabricate to your specifica- 
tions or supply you with “TEFLON” in the form of rods, sheets, tubes 
or tape. For complete information, write today. 


Properties OF “TEFLON” 

High dielectric strength * Moisture absorption zero * Unaffected by weather * 
Excellent heat stability up to 500° F. in continuous operation * As tape, leaves 
no carbon residue along discharge path * High impact resistance * Nonad- 
hesive * Stretches easily * Tensile strength 1500-2500 psi 


’ "i } a 
Du Pont f trade mark for tts tetrafinoroethylene resin 


RAYBESTOS-MANHATTAN, INC. 


ASBESTOS TEXTILE DIVISION, Manheim, Pa. 


FACTORIES: Manheim. Pa. « Bridgeport, Conn. « No. Charleston, S.C. ¢ Passaic, N.J. ¢ Neenah, Wis 
Crawfordsville, Ind. « Peterborough, Ontario, Canada 
RAYBESTOS-MANHATITAN, INC. Asbestos Textiles « Packings ¢ Brake Linings ¢ Brake Blocks « Clutch Facings 
Fan Belts « Radiator Hose « Rubber Covered Equipment « Industrial Rubber, Engineered Plastic, and Sintered 
Metal Products e Abrasive and Diamond Wheels « Bowling Balls 


ra 
se 
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In a few weeks, Parker-Kalon will move to its 
new plant in Clifton, New Jersey (about 10 miles 
from New York City). This modern building, 
containing 267,000 square feet on one floor, is 
one of the largest plants devoted exclusively to 
the manufacture of fasteners. 

It is planned for the highest efficiency and 
economy in all operations, with production keyed 
to the steadily increasing demand for P-K Fasten- 
ers throughout industry. Advanced facilities for 
engineering and research will accelerate P-K 
progress in development of new and improved 
fasteners. 


Now, more than ever, you can be sure... “If 
it’s P-K .. . it’s O.K.!” 
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PPPOP PORTO 


SELF-TAPPING SCREWS STAPS SOCKET SCREWS SCREWNAILS MASONRY NAILS WING NUTS ° 


| 


Sold through leading Industrial Distributor 
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For dependable 


ey oL-Vach iol Mey 
iT Kol ToL CeS AY 
equipment 


...use this 


PROVEN 


® This motor generator provides low voltage power sup- 
ply for Air Force Ground Control Approach systems. The 
equipment design is compact and light weight with out- 
put rating of 2.5 KW, 28 Volts, Direct Current and 
input rating of 5 HP, 60 cycles, 3 phase. 


The above unit is typical of Motoresearch Special Elec- 
trical Equipment designed and manufactured to require- 
ments of Military applications. Our facilities are geared 
to fast action with customary Motoresearch ingenuity. 


Motoresearch specializes in high frequency permanent 
magnet type generators with electric motor drive and all 
generators are offered with engine drive as complete 
power supplies. We also specialize in the design and 


manufacture of high frequency motors from miniature 
through 5 HP size. 


When you need special electrical equipment, send us 
your detailed specifications and schedule quantities in- 
volved. We will appreciate the opportunity to analyze 


ifonESEARCH Compa) 


1600 JUNCTION AVENUE, RACINE, WISCONSIN 


Gearmotors and 


Specil Electric! Equipment 








Motor Generator 





each other. The heaters are made in 
standard voltages and wattages. The 
U tube element will not burn out with- 
in one year and should last several years 
under normal usage. Glo-Quartz Elee- 
tric Heater Co., Inc., Willoughby, Ohio. 
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GEARED MOTOR 


Geared motor is a compact, powerful 


subfractional horsepower speed reducer, 
powered by a 2-pole shaded pole induc- 
tion motor and equipped with a fan for 
cool operation. Basic motor is available 
with ratings from ‘500 to ‘45 hp. with 


‘ 





output speeds available from 1 rpm up. 
Basic induction motor is also available 
without the gear housing. 

The geared motor is specifically engi- 
neered for use in rotisseries, vending 
mechanisms, rotary display units, actu- 
ating devices, dispensers, and other 
equipment. The Loyd Scruggs Co., 


Festus, Mo. 
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SEVEN-DIAL RESISTANCE 
DECADE 


Featuring accuracy of better than 
~0.1 per cent of each resistance incre- 
ment, resistance decade has seven dials 
having decade steps of 0.1, 1, 10, 100. 
1000, 10,000, and 100,000 ohms. Dee- 





ades are also available with each dial 
having nine or ten steps. 

Resistance coils are of manganin wire, 
bifilar wound: for 10.000 ohms and 
over, they are made of low-temperature 
coefficient nickel-chromium-iron alloy. 
All resistance coils are wound on ceram 
ic cores, oven-aged and varnish-im 
pregnated. 

Switches are self-cleaning type with 
four phosphor bronze spring wipers 


NOQEMBER 1955 ELECTRICAL MANUFACTURING 


LEN 


a AITTIGICAN TCI 


OSE NO MORE 
aes 


You're time and money ahead with Performance- 
Guaranteed Magnetic Shields, for our shields 
are guaranteed to meet the requirements of your 
circuit to mutually agreed upon shielding speci- 
fications. Dry hydrogen annealed, as required 

of MuMetal, A.E.M. 4750, or whatever 
commercially available material is most suitable 
... fabricated or drawn... painted or lacquered 
to match any. shade, or unfinished. Write for the 


industry's most complete catalog, MS-104, today. 


MAGNETICS inc. 


DEPT. EM-26, BUTLER, PA. 
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Factory: Huntington, Indiane 


TRU-OHM PRODUCTS, division of Model Engineering & Mfg. Co., Inc 






Resistor No. 
which are turned out by the thousands daily 


Complete line of power 
rheostats ... of finest quality 
with UL approval; variety from 
25 watts up. ————— > 


Inquiries Invited 
You can get the complete story 
of TRU-OHM’s tremendous 
growth and why, by writing to 
2800 N. Milwaukee Avenue, 
Chicago 18. Let Tru-Ohm’s ex- 
perts solve your resistor and 





80,000,000. One of many wire-wound resistors 









Factories 


| Huntington, Indiana 


General Sales Office 2800 N. Milwaukee Ave 


Chicago 18, Ill 


80 MILLION SOLD! 


TRU-OHM is Now W orld’s 


Largest Producers of Wire- 
Wound Resistors! 


Chicago . Since starting 
just a few short years ago, 
TRU-OHM PRODUCTS has 
grown phenomenally to ten 
times its original capacity. 
Having just produced its 
80,000,000th wire-wound re- 
sistor, Tru-Ohm is now the 
world’s largest growing and 
largest producers of 


wire- 
wound resistors. 
High Quality, Speedy 
Delivery Sets Record 


Over 50,000 square feet of 
the most modern manufac- 
turing facilities, including a 
brand new furnace, enable 
volume production .. . as- 
sure faster delivery, finer 
quality, better prices. AND 
TRU-OHM EXPEDITES 





rheostat needs. 





FOR YOU...ships on time. 


STORED -ENERGY WELDING SPEEDS 
VACUUM TUBE ASSEMBELWDZ 


critical 
vacuum tube 
components welded 
reliably, uniformly, 


instantly* 





WELDMATIC MODEL 1015 precision welder firmly 
joins wires, sheets and blocks of tungsten, nickel, 
nichrome, steel, silver and copper in tube element 
assembly for mass spectrograph guns. 

Molybdenum and_tantalum.also 

welded in plate assemblies, 


*Made by Consolidated Engineering 


UNITEK CORPORATION 


258 Halstead Avenue ¢ Pasadena 8, California 





N 
WELDMATIC 

\Z Write for complete Technical Information 
on Stored-Energy Welding 
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and detent mechanism for positive loca- 
tion of switch points. Switches and re- 
sistors are mounted below the panel for 
maximum protection from dust. Indus- 
trial Instruments. Inc., 89 Commerce 


Rd.. Cedar Grove, N. J. 
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MULTIPURPOSE VINYL 
SLEEVING 


Said to exceed all requirements of MIL- 
1-631B (Type F, Form U, Grades A and 
B, Classes | and Il, Categories 1 and 2), 
new sleeving. Resinite EP-69A offers a 
working temperature range from —48 
to 90 C and a dielectric strength of 750 





has excel- 


vpm. In addition, sleeving 


and flame 
resistance. The sleeving is available in 
sizes from No. 20 AWG to 2% in. ID. 
black, 


sizes 


lent corrosion, fungus, oil 


Colors white, 


are transparent, 
Other and 
on special order. Resin Industries, Inc., 
P.O. Box 1589, Santa Barbara, Calif. 
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red and blue. colors 


DUAL-PURPOSE SELENIUM 
RECTIFIER 

Basically. 
rectifier Type voltage 
doubler stack: these 
units can be used as a doubler. and two 


new dual-purpose selenium 
60-9150, is a 


therefore, one of 





VOLTAGE DOUBLER 


units can be connected as a single-phase 
full-wave bridge. Type 60-9150 is suit- 
able for operating variable-speed con- 
trols and field supplies for small d-c 
motors, 

Two Type 60-9150 units connected in 
a single-phase full-wave bridge circuit 
deliver approximately 180 volts d-c at 
0.10 amp for an rms voltage input of 
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Soft-pedals the drag! 





NEW C/R OIL SEAL PREVENTS FRICTIONAL LOSS IN BODINE GEAR REDUCERS 


Minimizing tortional drag is essential for efficient transmission 
of power over a wide range of speeds. The specially developed 
C/R Oil Seal used on the output shaft of Bodine gear reducer 
Motors meets the requirements of this leading manufacturer 
for a long-life precision unit. This seal provides greater power 
efficiency, requires no adjustment, assures positive sealing of 
the gear lubricant with the motor in any position. Of special 
importance is the compactness of its Sirvene (synthetic rubber) 
sealing member, which makes it possible to have positive, long- 
life sealing where restricted axial housing space prevents the 
use of any standard type seal. For over 30 years, C/R Engi- 


PERFECT 


neers have made such applications a successful specialty... 
solving all types of tough sealing problems encountered in the 
industrial, automotive and equipment fields. Our Engineers 
would welcome the opportunity to be of assistance to you, too. 


We would like to send a copy of ““C/R Perfect Oil Seals” as a 
get-acquainted gesture... just write, we'll mail it promptly. 





More automobiles, farm and industrial machines rely 
on C/R Oil Seals than on any similar sealing device 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenue OIL SEAL DIVISION Chicago 22, Illinois 
IN CANADA: MANUFACTURED AND DISTRIBUTED BY SUPER OIL SEAL MFG. CO., LTD., HAMILTON, ONTARIO 
EXPORT SALES: GEON INTERNATIONAL CORP., GREAT NECK, NEW YORK 


Other C/R products 


SIRVENE: (Synthetic rubber) diaphragms, boots, gaskets and similar parts for critical operating conditions « Conpor: Controlled porosity 


mechanical leather packings and other sealing products « Sirvis: Mechanical leather boots, gaskets, packings and related products. 
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SAVE PRODUCTION TIME! 


GUT INSPECTION COST 


WITH THE NEW 


LINK 









mye 
| = 4 


V Positive visual indication! 
V Only one test probe needed ! 


V Easy to operate—no technical 
experience needed ! 

VY Minimum set up time— 
for any operation! 


V Rugged, durable— 
maintenance-free ! 


Let the versatile Link 209 Cable Checker save you 
time and money in assembly and inspection. This 
new production tool will cut your assembly and in- 


spection costs 
one-half ! 


slash inspection time by as much as 


The new Link 209 Cable Checker is portable, com- 
pact and easy to operate—a fool-proof tool that sim- 
plifies continuity testing—finds shorts, opens and 
grounds—all in one simple operation. 






AVIATION, INC. 
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At the low price of 575.00 


Write Dept 


BINGHAMTON, NEW YORK 


Pec S > N 


CORPORATION 


EM today for additional details 








230 volts. As a voltage doubler, this 


unit will deliver 50 ma, connected to q | 


maximum a-c input of 
Used with sufficient 
output of 350 volts d-c can be obtained 


capacitance, ap 


Type 60-9150 occupies only “4% in, x 
146 in. x 114 in. overall volume and cap | 


be mounted with a No. 8 machine screy 
through the hollow brass eyelet. Due to 
the small size. two units can be mounted 
or molded in a d-e relay housing. with 


the compact assembly making possible | 
the advantages obtained with d-c relays 


without the disadvantage of separate 
power supplies. International Rectifier 
Corp.. 1521 East Grand Ave., El Segun. 
do. Calif. 


Circle No. 29, Reader Inquiry Service Cards 
preceding back cover 


OIL-WELL PUMPING STARTER 
WITH COMBINATION 
STARTER 

New timer, eliminating 
need for separate sequence timer, un- 
der-voltage relay and program timer, 
has been incorporated into 


combination 


matic sequence restarting. Timer pro- 


vides automatic sequence 


restarting 
after power failure, undervoltage pro- 
timing of the 


tection, and pumping 





cycle. Designed specifically for oil 
well pumping, the timer can be set tor 
pumping periods as short as 15 min 
Restart after failure is con 
trolled by a momentary contact in the 


power 


timer, which is closed only a few sec 
onds out of every 4 min. The pumping 
motor will start only if this contact is 
closed when power is restored and the 
program time setting calls for pumping 

Undervoltage protection is also pro- 
vided by the momentary contact on the 
timer. If the voltage is low. the line 
contactor will not pick up. since the 
timer automatically tests the voltage 
every 4 min. When line voltage is sufh 
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Mes. ..exactly fifty years ago, the skill- 
fully cast piece of zinc shown above in actual 
size was the ingenious calling card used by 
our founder, Carl J. Moberg, to tell potential 
customers about the new die casting business 
he had just started at Mount Vernon, N. Y. 

The legend it carried was significant — and 
prophetic. On one side it reads: 

Cast by C. J. Moberg, Inc. Reliable Die 
Casting. And on the reverse: 

We cast intricate parts finished in steel dies. 


Write us before you make patterns, buy 
costly tools, or order elsewhere. 


If we accept your order, we guarantee satis- 
faction. 


It is superfluous to point out at length how 
greatly the world around us has changed since 
Carl Moberg handed out his “calling card.” 


‘On country roads, horses were still prone to 


rear up in terror at the occasional automobile. 
Carl Moberg never die cast a part for even 
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so “commonplace” a product as an electric 
iron. There were none. 


Nor could he foresee the enormously 
expanded physical facilities, in 1955, of the 
business he began—with our 165,000 sq. ft. of 
floor space, with our complete tool and die 
shop, our automatic electric furnaces, our 
forty die casting machines. 


One basic thing, however, has not changed. 
It is the essential reason, we are sure, for 
Mount Vernon’s growth. Carl Moberg indeed 
founded weil. 


“If we accept your order, we guarantee 
satisfaction.” 


MT. VERNON 


DIE CASTING CORP. 


STAMFORD, 


SeNnMNECTIC UT 
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THE DUAL ROLE OF 


DUREZ 
IN INDUSTRY 








make rugged cameras and parts 





BOTH could be profitable for your business 


If you make a product in which light weight, lustrous surfaces, impact 
strength, and excellent thermal, electrical, and chemical properties, or 
any combination of these are desirable, the phenolic molding compounds 
could be your most profitable field of inquiry. Or a phenolic ress may 
improve your product or processes when used for bonding, coating, 
or impregnating. For the many advantages of phenolics in any form, 
call on Durez experience. You'll have at your service the facilities 
of a leader in developing these plastics, and their largest producer. 
Write for our latest general bulletin. 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 


Phenolic molding matertals and as 
phenolic resins that fit the job ne 


1311 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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cient to resume pumping, the time; 
allows the contactor to restart the 
motor. 

Pumping can be programmed oye, | 
a 24-hr period in intervals as short as 
15 min. Program timing of the pump. 
ing cycle is set by toggle tabs. which 
show time on the dial. 

Gasketed enclosure provides protec. | 
tion against dirt and dust. The over. | 
load relay compartment is thoroughly | 
ventilated to help prevent unnecessary 
shut-down due to heat from the sun, — 

The oil well pumping starter is avail. 


able in NEMA sizes 1. 2, 3. and 4 


, for 
application on motors up to 100 hp, | 


140 volts. General Electric Co., 1 River | 
Rd.. Schenectady 5. N.Y. 
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PLUNGER SWITCH FOR 
MEDIUM-CURRENT 
APPLICATIONS 


Plunger Switch series, the PL-1. is de 
signed primarily for appliance applica 
tions involving heater, motor and light 
ing loads. In general. the switches an 


suitable for all medium-current switeh 


EE 


ing in electrical and electronic devices 
and are designed for long service. lif 

The plunger switeh offers four. cir. 
cuit variations, Basie circuit is a double. 
pole single-throw, with an off positior 
(with two variations of the circuit pos 





sible). Also, a single-pole. double-throw} 
action may be obtained by tying the| 
two-line terminals together. Single-polt 
single-throw action is also possible. 

The switch may be operated by a ro 
tating cam, lever, or similar devices: it 
also can be operated in conjunction with] 
an indexing mechanism and _ rotating} 
cam. providing the equivalent of a rotat 
ing switch. 

The plunger has three positions 
fully released; fully depressed;  ané 
depressed halfway. 

Designed to comply with approved 
UL ratings, the plunger switch has rat 
ings of 34 hp at 115 volts a-c: 20 amp al 
115 volts a-e; and 114 hp at 230 volts 
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Achild’s conundrum becomes a matter of life and death... when radar tells 
a lie. When our radar tracks attacking aircraft...or an incoming missile... the 
lives of all of us on target balance on the pinpoint of a mathematical riddle. 
How high is up? It depends on the point-of-viewing. 
Because of earth’s curvature, radar sees an interloper...100 miles away... 
6600 feet lower than it really is. Readings must be corrected instantaneously 
before being fed to our interceptors...otherwise, attacker and defender 
play true or false at twice the speed of sound. 
Electronic Engineering Company of California has designed an analog computer 
that makes this vital correction...converting radar observation into true 
row P a . . 
hel Helipot makes precision potentiometers... altitude above sea level. The computer continuously solves the equation 
the linear anc Site: linear...in the widest. choice : ei 
pole of sizes, mounting styles and resistances. H, H, + (R,?/ 2r) 
Many models are stocked for immediate 7 . . 
wa shipment... our engineers will gladly adapt The mathematics are complex. The mechanism, with a two-gang HELIPOT* 
s; it ne cas topsite es er series A precision potentiometer at its heart, is beautifully simple. Both are fully 
a design entirely new HELIPOT precision eG ; 
withE potentiometers for vou described in a new application data sheet ...write for Data File 1102. 
iting! 
otal 
ons 
an¢ y t 
oved Ip0 first in precision pr tiometers 
rat 





1p at Helipot Corporation /South Pasadena, California 
Engineering representatives in principal cities 


volts ect pe 3 
a division of BECKMAN INSTRUMENTS, INC 


403 “REG. U.S. PAT. OFF. 
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Delay Intervals: 
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Recovery Rate: 
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application-tested 
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WRITE for Publication No.35- 
complete engineering 
data and drawings. 
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Designed for delay intervals which are longer than 
those produced by magnetic relays and shorter than 
can be produced by the usual types of thermal relay S, 
these G-V Hot Wire Time Delay Relays make possible 


many simplified, lightened and improved designs. 


How They Operate: G-V Series H Time Delay Relays 
employ a group of nic kel-chromium alloy Wires, 

8 to 20 strands clec trically in series and mechanically 
in parallel, as the actuating element. A mechanism 
holds these wires under tension and when the 
energizing Current passes through these wires, 
heating them and causing elongation, the mechanism 
multiplies this and moves the contacts into 


or out ot engagement. 


Over two years of successful field service in electronic, 
aeronautical and industrial equipment prove these new 


G-V relay s to be depe ndable, efficient and accurate. 


ADJUSTABLE DELAY even though hermetically sealed 

DC or AC of any frequency for energization 

SMALL AND LIGHT. 34” diameter, 236” length. Weight: 1 oz. 

WIDE AMBIENT RANGE compensated from —70°C to 100°C or higher 
CONTINUOUS ENERGIZATION without damage 

AVAILABLE in 7-pin Plug-in and Flanged designs 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, New Jersey 





a-c. P. R. Mallory & Co.. Inc 
Washington St.. P.O. Box 
anapolis 6, Ind. 


029 E, 
1115, Indi. 
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MINIATURE VACUUM 

FIXED CAPACITORS 

Measuring only 1%% in. in length x 15, 
in. diam, newly designed Type JCSF 
vacuum capacitors are available in ca. 


pacities of 25, 40, 80 120 and 150 
mmf at voltages of 7%, 10, and 15 ky 


peak. Their all-copper construction 
makes possible current ratings of 30 


amp rpm, which can be doubled with 





the use of forced air cooling. Their 
small size. low inductance. and _ neg: 
ligible dissipation factor make- them 


useful for operation at the higher fre- 


quencies. They are not damaged by 
internal arcing due to moderate over- 
voltages. For ease of mounting 8-32 


tapped holes are provided on both ends. 
Jennings Radio Manufacturing Corp., 
P.O. 1278. San Jose. Calif. 
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Box 


FAST-OPERATING RELAY 


With an operating speed of 10 millisec, 
relay Model 100-MS is designed for d-c 
applications in contact combinations 
from SPST to DPDT. The relay, which 
can be obtained hermetically sealed or 


with dust cover. has a capacity up to 






HEDIN TELE TECHNICAL CORP 
LIVINGSTON, M4. 


1.5 amp. inductive and 5 amp resistive. 
with coil resistance to a maximum of 
30.000) ohms. 
said to 


and chatte1 
the built-in 
Wiping action in the contact movement. 


Bounce are 


be eliminated by 
Dropout. if desired. can be adjusted to 
\\ attage 

requirement. 250 milliwatts per pole. 
Armature is 


about 65 per cent of pick-up 


friction-free. with no 


hinge pins used. Other features: hydro- 
gen annealing of magnetic components, 
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DURABLE — TOUGH — RUGGED 
National Vulcanized Fibre rail 
joint insulation withstands years 
of continuous exposure and 
heavy pounding of today’s high- 
speed railroading. Will not cor- 
rode or deteriorate 






DIELECTRIC STRENGTH. National Vulcanized Fibre 
gives electrical parts high dielectric strength—plus 
toughness and excellent forming properties. Has ideal 
application as insulation 





ARC RESISTANCE. In circuit breakers 
National Vulcanized Fibre safely curbs electri- 
cal arcing without carbonizing or tracking 
Easy to bend, punchand form. Light in weight 
Heat-and-shock resistant 


FOR MEN WITH IMAGINATION... 


MACHINABILITY — MECHANICAL 


two STRENGTH. New paper-base Phenolite 


not only has excellent arc resistance, but 
superior machining qualities as well 


materials in cnet ant une cena 
of 
unlimited 
application 











CHEMICAL RESISTANCE 
Chemical-resisting grades 
of Phenolite are unaffected 
by most corrosive fluids and 
atmospheres. Retain high 
strength, resiliency and di- 
mensional stability 


aT ULL: 


laminated PLASTIC 





Here are six ideas to spur your imagination. They only suggest 
the many things that can be done with National Vulcanized Fibre 
or Phenolite Laminated Plastic. 

The full list of current uses for these materials would more than fill 
this page and many more pages! Yet more are coming up almost every 
day. For NVF is not only the world’s largest producer of vulcanized 
fibre. We also make a fulltime job of thinking up new improvements to COMPACT DESIGN—ECONOMY—HIGH TEM- 
our products—and new ways of using them to improve yours. Result: cuvehdecin nade ea 
designers call our materials the most versatile ever. design, simplify production, reduce assembly 

Looking for an easy, economical way to improve production— — 
or products? Team up with NVF. We’re prepared to assist you 
all the way from initial design to the delivery of precision 
fabricated parts. Our new 16-page Catalog will give you full % N A Tir @o N A A, 
information about our products and services. Write for it 


on your business letterhead to Dept. A-11. VULCANIZED FIBRE CO. 


/ WILMINGTON 99, DELAWARE 
In Canada: National Fibre Company of Canada, Ltd. * Toronto 3, Ont. 


: Also Manufacturers of Peerless Insulation, 
PCr ras > 
Materials Handling Receptacles, 


itr Vul-Cot Wastebaskets and Textile Bobbins. 


hi 
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How Chace 
Thermostatic Bimetal 
Actuates the 
BULLDOG 
DUO-GUARD 
PUSHMATIC* 
CIRCUIT BREAKER 


Product of Bulldog Electric Products 
Company, Detroit 32, Michigan 






TRIP 
POSITION 


ON 
POSITION 


are 


To 


na 


Bulldog’s Duo-Guard Pushmatic Circuit Breaker features two separate 
protective devices for instant response to electrical overload. A Chace 
Thermostatic Bimetal element regulates normal overloads in the lower 


current range. A magnetic solenoid provides protection against sudden 
high overloads and shorts. 


How it works—pushing down on the operating button (F), causes the 
latch end of the bimetal element (C) to engage a slot in the insulated 
contactor support (G), closing the circuit. A gradual overload causes 
the bimetal to deflect laterally, disengaging at (G). The main spring (D) 
provides sufficient force to effect a quick break at contacts (H). The 
breaker is reset by pushing down on the operating button (F). 


High over-currents create a magnetic field in the solenoid, thrusting a 
plunger against the bimetal element to trip the contactor arm and 
instantly break the circuit. 


Write now for our free 36-page booklet, “Successful Applications 
of Chace Thermostatic Bimetal,”’ filled with design and application 


information about the 29 different types of Chace Thermostatic 
Bimetal. 


eee oe 


AES a VLC UTM eta) 


1608 BEARD AVE., DETROIT 9, MICH. 
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and pure silver contacts. Standard re. 
lay is equipped with octal plug-in 
headers. Diameter, 114 x 35x. in. above 
mounting line. Hedin Tele-Technica] 
Corp.. 87 Dorsa Ave., Livingston, N, J. 
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READ AND RECORD HEAD 
FOR MEMORY SYSTEMS 


Designed for low. cost recording — or 
reading on magnetic drums in digital 
computer memory systems, Model MH. 
10-A read and heads feature 
flexibility of operation, high readback 
signal, low noise and high voltage in- 
sulation. Potted, the unit is dimension- 
ally stable. 


gap is 


record 


Accurate alignment of the 


assured by precise machining 


of the mounting, so that the gap is 
square to the mounting surface and 


parallel to the drum axis. 
The mounting is suitable for general- 
purpose type drum 


stacked 


where many heads 


are 


(from 36 to 


several hun- 





dred channels). The writing or record 
current of Model MH-10-A is less than 
20 milliamp. while the readback volt- 
age obtained is greater than 0.5 volt 
peak-to-peak across 500 turns. 
General characteristics include: core 
width, 0.040 in.: number of turns, 250 
turns 


each side of 


center tap: gap 
width, 0.001 in.; resonant frequency, 


over 500 ke. With manufacturer’s stand- 
ard head mounting, the MH-10-A has a 
radial adjustment of 0.030 in. The unit 
is completely encapsulated in a die-cast 
aluminum case for moisture resistance. 
and has a two-piece sintered core. Libra- 
scope, Inc., 1607 Flower St., Glendale. 
Calif. 
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HIGH-TEMPERATURE WIRE 


Suitable for use as a machine tool ot 
appliance wire, as well as for other 
applications, Densheath 900 consists of 
a bare copper conductor insulated with 
an oil and moisture-resistant Densheath 
(polyvinyl chloride) 90 C 
and a slipper compound overall to in- 
sure ease of pulling in conduits. The 
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with All the good features 
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You will boost sales by teaming your product with Lamb Electric 
Super Shaded Pole Motors. They will give your product the motor 
advantages of long life, quiet operation, high operating efficiency, and 
lasting good appearance. 


Behind Lamb Electric Super Shaded Pole Motors is our 40 years’ 
experience working with manufacturers of household appliances, 
such as food mixers, sewing machines, floor polishers and vacuum 
cleaners .. . experience that has resulted in these LO features: 


@"UNI-SPUN” STATOR FRAME for maximum rigidity 
®FORMVAR INSULATED WIRE WINDINGS for high strength and 


insulation resistance 
e“AL-SPUN” ALUMINUM ROTOR CAGE for maximum conductivity 
®DIE-CAST END FRAMES ... sturdy, lightweight, corrosion-resistant 
®BEARINGS widely spaced, amply dimensioned 

®AMPLE OIL RESERVOIR .. . positive oil circulation 

®*SHAFT precision ground to controlled surface finish 

®*MOUNTING absorbs vibration 


®ADVANCED DESIGN, quality materials, and up-to-date manufacturing 
methods 


®FINISH ... moisture and abrasion-resistant 


» mb Electric 


rractionac Horserower MOTORS 


READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 





‘“UNI-SPUN'' STATOR FRAME 


Anchored laminations, ample back iron, 
strong pole tips mean core rigidity, better 
heat dissipation, quiet operation. 





“AL-SPUN" ALUMINUM ROTOR CAGE 


Heat-treated for lowest rotor losses. In- 
tegral cooling fan and vented core. 
Dynamically balanced. 


VISIT USot the Air Conditioning and 
Refrigeration Exposition, Atlantic City, 
November 28-December 1 —Booth 706— 
or write for folder giving full information. 
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~ BIG IMPROVEMENT 


IN SMALL MOTOR BRUSHES 


| tests indicate that Stackpole 
Grade 373 fractional horsepower motor brush- 
es represent a major development in their field. 

On vacuum cleaners, food mixers, sewing 
13 4 machines, calculators, and similar equipment, 
these new brushes have shown materially 
longer life, usually with better performance 
than any previous grades. Commutator 
, | wear is held to a minimum. 
As always in applying brushes to any 
\ given motorized equipment, however, the 
one best way is to test them fully on that 
actual equipment and as close to possible 
under its typical operating conditions. 
Stackpole welcomes the opportunity to 
make or to facilitate such a test for you. 

Solely on this basis of positive per- 
formance proof, it now becomes pretty 
clear that Grade 373 brushes will set new 
life and performance standards for 
small motors in a wide diversity of uses. 


STACKPOLE CARBON COMPANY, 
St. Mary’s, Pa. 























N 
N 


FAR LONGER BRUSH LIFE - @& 


EQUAL (OR BETTER) PERFORMANCE THAN PREVIOUS GRADES 


wire rated at 600 volts. 
recommended for use in steel, chemical, 
paper, petroleum, tobacco and_ other 
machinery where continuously high 


is especially 


temperatures are commonly encoun. 
tered. When used as a machine tool or 
appliance wire, it carries UL approval 
as a 90 C wire. 

The new wire is available in sizes 4 
to 4/0 AWG when used as an appliance 
wire. Anaconda Wire & Cable Co.. 25 
Broadway, New York. N. Y. 
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SMALL MAGNETIC MOTOR 
CONTROL RELAY 


UL-approved single-pole, single-throw, 
normally open relay is designed for 
magnetic motor control in across-the.- 
line motor starting and control of 
heating and refrigeration equipment 
carries UL approval. Designated Mode 

9191. relay has motor load ratings of 


eet ett 





144 hp at 115 volts a-c and 3 hp at 
230 volts a-c. Contact load ratings are 
for 20 amp on either 115 or 230 volts 
a-c, single phase, and for 114 amp 
locked rotor at 230 volts a-c. Equiva- 
lent relays in either 2- or 3-pole models, | 
with the same advantages, are also 


available. Leach Corp., Leach Relay 


Div.. 5915 Avalon Blvd., Los Angeles 


3. Calif. 
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SELF-WRENCHING LOCKNUT 


Self-wrenching locknut designed with 
greater fatigue strength and less weight. | 
Type N2603, is useful wherever a re- | 
movable self-wrenching nut is required. | 
Lug on the nut prevents it from ro 
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A SYLVANIA SPECIALTY 


Special continuous plating proc- 
ess assures uniformity of wire 
composition in plating ranges 
from ‘‘flash’”’ to 20% by weight. 
Composition can be tailored to 
give you the exact wire properties 
you want. 





What special properties do you want 


in a plated cold-drawn wire’? 


) 


Can a fine, cold-drawn wire with special properties 
help you improve product design or manufacture? 
Sylvania has “‘mede-to-order”’ facilities to meet your 
exact requirements. Whatever your interests in wire, 
for mechanical or electrical use, Sylvania is equipped 
to produce a composite wire tailored to your product 
or production needs. 


Your composite can be plated or clad in numerous 
combinations of materials. A few of the composites 
being produced on a custom basis are: nickel on brass; 
copper on steel; silver on copper; and nickel on steel. 
Your wire can be plated in weights from ‘‘flash’”’ to 
20%: mechanized equipment keeps unit costs down 
and insures uniformity of composition. 


& rei 


metal stamping 


PARTS DIVISION 


special wire 


¥ SYLVANIA 


LIGHTING + RADIO - 
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molded plastics 


ELECTRONICS 


Made-to-order composites is just one reason Sylvania 
has become a major supplier of fine wires. You can 
specify diameters from .250 to .002. Flattened wire is a 
Sylvania specialty, too, and can be supplied !¢-inch 
wide or less in many cross-sectional designs. 


Consult Sylvania on your next special-wire problem 
—whatever the nature of your product. 


New... 

Wire Facilities Brochure— gives 
full details on Sylvania’s wire and 
ribbon production story. Write 
for it. Address Dept. L18S 7 


—— 


precision dies 


(1a ; ; 
Nt fay 


SyYLVvANIA ELEctTrRIc Propucts INc. 
1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
University Tower Bldg., Montreal 
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Lunaeclene 


blue colors, and all four colors 


105° C Class A requirements 


0 


| 





... the Most Important 
Cost-Saving Advancement 
Yet Offered 


Malco’s Automatic Pin and Contact 
Inserting Machine can materially reduce 
your assembly costs—and at the same 
time step up production to practically 
any desired level. 

Operation is completely automatic. Up 
to 40 or more self-retaining terminals are 
inserted into the printed circuit board 
in any symmetrical or non-symmetrical 
pattern within a 3-second cycle. A special 
platen engages the self-retaining snap-in 
feature of the terminals, and the board 
is ready for immediate further assembly 
and dip soldering. 

Malco Automatic Inserting Machines 
can be engineered to your particular ap- 
plication or production requirements. 






4021 W. LAKE ST., 


HERMETICALLY SEALED 


TOOL and MANUFACTURING CO. 





MOLDED AS ONE HOMOGENEOUS MASS 


WATERPROOF MOLDED COILS 


A completely new concept to fabricating waterproof electrical coil 
windings has been developed by DeLuxe Coils, Wabash, Indiana 
Molded from the new epoxy resins, the coils are impervious to water, 
oils, dust, acids, alkali solutions and water base hydraulic fluids 


The windings are completely encased in the thermosetting resin by 
incorporating the unique design of a core tube fabricated from the 
same resin as is used in the encapsulating process. 


Coil windings are currently being molded in green, black, red and 


recognized by Underwriters’ 


Laboratories as insulating materials for general purpose application 


Write today for complete details. 


DELUXE COILS, INC., Wabash, Indiana 


1300 FIRST STREET 


Tea AUTOMATIC PIN AND CONTACT INSERTING 
— MACHINE FOR PRINTED CIRCUIT APPLICATIONS 


Request Bulletin 551. Better 
yet, give us the facts about your 
operation. We'll show you how 
your costs can be lowered and 
your production increased. 


° CHICAGO 24, ILLINOIS 








tating during wrenching of the bolt by 
bracing itself against an adjoining sy. 
face. Both the nut and the lug are steg| 
with a cadmium-plated finish. Many 
facturers red nylon insert in the nyt 
provides the locking feature. Thread 
sizes of the six nuts in the series are 
14-28. 46-24, 34-24, %o6-20, 14-20 and 
6-18. 

The smallest self-wrenching locknyt 
weighs 1.2 lb per 100 and the largest, 
6.2 lb per 100. Ultimate strength of the 
two locknuts are 5.234 and 30.640 
min, respectively. Elastic Stop Nut Cor. 
poration of America, 233 Vauxhall Rd. 
Union. N. J. 
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HERMETIC PLATINUM 
SENSING ELEMENT 
FOR TEMPERATURE CONTROL 


Small-high-speed platinum — resistance 
temperature detectors, for use in pre- 
cision temperature measuring and cop- 
trol systems, may be applied to temper. 
ature ranges from 330 to 1380 F. The 
sensing elements are hermetically sealed 


in either ‘29-in.-diam Pyrex or M4e-ine 





diam ceramic housings, and are espe 
cially useful where space limitations 
prevent use of conventional resistance 


| 
| 
| 


detector units. 
For use in testing or general labora: 
tory work. the detectors are mounted in 


1. in. smooth stainless steel case with 


a 
all leads protected by pliable rubber | | 
tubing. The platinum element is ae: 


curate within 0.6 per cent. 


Manufacturer can provide complete 
temperature recording and controlling 
systems employing the new platinum re: 
sistance temperature detectors. Fielder 
Instrument Div.. Robertshaw-Fulton 
Controls Co.. 2920 North Fourth St. 
Philadelphia 33. Pa. 
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i 
LEAD-BEARING FREE-MACHIN.- | 
ING STEEL PLATE 
Advantages of a lead bearing steel | 
plate, to be marketed as New E-Z-Cut. | 
include improved) machinability. and 
superior welding. polishing and plating 
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Marathon Electric serves many varied industries 
with its wide range of 


Motors - > - to - 2500 H. P. 
Generators - + - to - 2000 K. W. 


This 4 in 1 design for variable mounting is avail- 
able in cast iron frames. 


A ayy Your product can be improved by the adaptability 
ear eee of these motors. 
For the Whole Story eins seas 

Write for ME Bulletin SB-155 


MARATHON ELECTRIC 


HOME OFFICE AND FACTORY, WAUSAU, WIS. FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 
SALES OFFICES IN PRINCIPAL CITIES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








PRECISION COIL ah tk 
rN 4 eed 


WIDELY USED in 
the ELECTRONIC 
INDUSTRY.... 


Here’s why: 








I PRECISION patents covering bob- 
bin constructions give guaranteed 
protection against infringements. 


2 Many tools are available to fit 
standard laminations, solenoids 
and relay brackets. 


3 Low initial tooling and tool re- 
vision charges. 


4 Less rejects—no parting line flash 
to break wire during winding. 
No cold flow. 


5 win not shatter under thermal 
expansion or physical shock. 


6 PRECISION combines materials to 
solve your mechanical, dielectric, 
temperature or moisture problems. 


PRECISION Bobbins are available in any size, round, square or rec- 
tangular. Cores fabricated from dielectric kraft, fish paper, acetate, 
Resinite, quinterra or combinations, including Mylar*. All orders to 


customer specifications. 





*Du Pont trademark 


MU RM M UK a tee EU A EEL ed 


Square and Rectangular Tubes 
Any length, shape, size, I.D. or O.D. 


Round Tubes 
Any decimal size up to 8” I.D 


Resinite Coil Forms 


Highest resistivity of any resinated 
product. 


Sales Representatives in: 


New England: Framingham, Massachusetts, Trinity 3-7091 


Metropolitan New York, New Jersey: 


Jersey City, New Jersey, Journal Square 4-3574 
Upstate New York: Syracuse, New York, Syracuse 4-214] 
: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Seuthern Ohio: Logansport, Indiana, Logansport 2555 


Northern Ohio, Western Penn. 


California: Pasadena, California, Sycamore 8-3919 
Canada: Montreal, Quebec, Canada, Walnut 0337 


PRECISION PAPER TUBE COMPANY 


Bobbins 


Round, square or rectangular 


Mandril Service 


Accurately ground mandrils at low 
cost. 


Fabricating Service 
Complete facilities to meet any cus- 
tomer requirement. 


SEND FOR BULLETIN i 
AND ARBOR LIST 











2035 West Charleston Street, Chicago 47, Illinois 
Plant No. 2: 79 Chapel Street, Hartford, Conn. 
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Its flame-cutting, 
grinding, and case-hardening 
istics are said to be 
the free machining plate which the com. 
pany previously sold under the E-Z-Cy 
name. Its excellent welding properties 
should make the new product useful iy | 
applications in which welding, 
dition to 
volved. 

Initially, 
available from 
from 14 to 3 in. 
Ryerson & Co., Inc., 
cago 80, Ill. 
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properties, 


forming 
character. | 


as good as those of | 


in ad- 


extensive machining, is_ jp. 


the new steel plate will be 
stock in thicknesses 
inclusive. Joseph 1 
Box 8000-A, Chi. 


FIVE-DIGIT ELECTRIC 
COUNTER 


Designed 
pulse 


reliable 
recording, _ five-digit 
RSA-200, 
146 in 


for high-speed im. 
electrical 
counter. Type E- measures 3, 
n. by 1°16 In. by 


metal 


is enclosed in a 


counter cover 





available either as an individual unit or | 
with a common cover. | 


in strips of ten, 


Flexible spring clip holds each unit in | 


place on the mounting plate. Counter | 
mechanism is built so that the wheels 
cannot jam or get out of mesh. Each 


counter wheel is made of nylon. Coil of 


the unit is terminated with soldering 
lugs in rear. North Electric Manutae- 
turing Co.. Galion, Ohio. 
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LIGHTWEIGHT SERVO MOTORS 


_ overall. Each | 


Available in standard sizes 11, 15 and | 
18. as well as custom-designed sizes. 


servo motors are suitable for operation 


at ambient 125 ¢ 


Lightweight. 


temperatures up to 
the 
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“| Simplify Your Access Panel and Door Assemblies... 
mf 





PRR nae oe cecennnetint St neem et ene aI 
scansanessssneiitRNeNT SOTA LE LLERE LALA AALS AN LE, wre companies 





= 


= = 


Fastening removable access doors and panels need not be a laborious and costly 
production or assembly operation—not if they’re fastened with QUICK-LOCK. 

Designed for simple installation, QUICK-LOCK requires no special tools. It speeds 
up mounting and demounting detachable panels with only a 90° turn required to 
lock and unlock it in a jiffy. 

The flexible mounting and tapered stud makes QUICK-LOCK ideal for assembling 
curved sheets and insures a tight fit when locked. Stud is self-ejecting when unlocked. 
Minimum deflection is assured—only initial loads are carried by the helical spring. 
Solid supports take up increased loads. 

Industrial and agricultural equipment manufacturers would do well to analyze the 
cost-saving features of QUICK-LOCK’s simple design. A good way would be to call in 
a Simmons Engineer and discuss the economy of a QUICK-LOCK installation as com- 
pared to your present fastening method. Why not send for him today? 


SIMMONS FASTENERS 


SIMMONS FASTENER CORPORATION © 1752 NORTH BROADWAY, ALBANY 1, N. Y. 


It READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 










































increased power output, when a corre 
sponding increase in power input ca 
be permitted. If desired, the power jy 
put to the fixed phase only can ofte 
be increased without altering norm, 
control phase characteristics. Uni, 
are available for operation on 4) 
cycle current, as well as for 60 eye) 
operation, Stators of the motors ap 


embedded in an insulating compoun( 
of high dielectric strength and_ hig) 
temperature stability. Motors can |, 
provided to conform to all MIL e, 
vironmental specifications. G-M Labor, 
tories. Inc., 4336 N. Knox Ave., Chicagy | 
41. TL. 
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SOLENOID VALVE ELIMINATES, 
USE OF BACK PRESSURE 


Full port, normally closed valve doe} 
not require back pressure in its opera. 
tion and will operate and hold full 
open, with low or no flow pressure 4 
all. 

Called Type G. the new packless so! 
enoid valve has a globe bronze valy 
body with screwed ends in sizes | | 
3 in. with single seat full size valve| 
port. A renewable resilient valve disk | 


Weight-saving, space-saving SUBMINAX RF 
connectors! Obtain 500 rf circuits for each pound 
of weight using SUBMINAX, compared with 
8 rf circuits for each pound of weight of equiv- 
alent Series N connectors! Space-saving: 7 
SUBMINAX plugs occupy same space as 1 


























Series N plug! ‘mounted in a bronze holder extends} 
Available in 50 and 75 ohm constant imped- ‘into an auxiliary piston; the pilot} 
ance—and in either push-on or screw-on cou- valve is also equipped with a resilien!| 
pling design. Complete line includes straight = ' 3 all 
oe ae aah _ 

and right angle plugs, jack, cable feed through, ie valve opens when col 


gized and closes immediately upon cur 5 


mnenend. jack aud-secuptente. Hermetic seal rent interruption. A spring snaps. the 


receptacle in screw-on couplings only. 

Cable assemblies with AMPHENOL submini- 
ature coaxial cable easily accomplished with 
hand Crimping Tool—only two types needed application, valves may be controlled) 

for entire series. by means of thermostat, high or low} 
imit switch, time clock, flow or liquid] 

a PH E NOL _ ee and other circuit seaakal 

AMERICAN PHENOLIC CORPORATION Pilot. connections, when — specified 


chicago 50, illinois can be furnished at no extra cost, ané 
In Canada: AMPHENOL CANADA LTD., Toronto 


valve instantly into a closed position a 
soon as the coil is de-energized, insur 
ing a tight shut-off. Depending upon} 





the valve can also be made to order 
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| whatever the job... 


Permacet Tares 


ified In our complete line, there's Qa self-sticking tape for every job write Permacel Tape 


silien 





ion as 
insur 
upol 
rolled 
r low 
liquid 





n cur} 
0 1pe Corporation, New Brunswick, N. J 
and 


Ss the | 
a Gohmronalofmon company 
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SPECIALITY 


LEIN 
Quality Pliers 






DESIGNED 


FOR THE ELECTRICAL INDUSTRY 


Now, Klein quality pliers are 
available in new compact pat- 
terns for precision wiring and cut- 
ting in confined space. Note, too, 
the replaceable leaf spring that 
keeps the plier in open position, 


LONG NOSE PLIER 
307-5-Yal—Extremely 
slim pattern ideal for 
the really tight spots. 
Jaws are knurled to in- 
sure a positive grip. 


a 


CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
pattern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 
available with- 


out knurl. J 
+f 


TRANSVERSE END 
CUTTING PLIER 
204-6— Useful in pre- 
cision work where or- 
dinary oblique or end 
cutters are too bulky. 
Gives a clean, flush cut. 


This Klein Pocket Tool 
Guide gives full infor- 
mation on all types and 
sizes of Klein Pliers. 
A copy will be sent 
without obligation. 








Mathias 


Established 1857 


PA ee ee 
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qa ol, 


ready for work. All are hammer 
forged fromhigh-gradetoolsteel, 
individually fitted, tempered, 
adjusted and tested—made by 
plier specialists with a reputa- 
tion for quality “since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 


length of cutting knives 
works flush against cut- 
ting surface. 5 

or 6-inch sizes. 4 


LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5—Smaller 
than 210-5L with an ex- 
tremely narrow head. 
Entire length of cutting 
knives works flush 


against cutting surface. hs 





eZ» 


S 


Y 





NEEDLE-NOSE 


PLIER 203-6-spc1— 

Specially designed to 

reach into confined 

spaces. Tip of nose 

only 1/16 in. di- 

ameter. Nose of plier . 
tempered to prevent 
distortion. Leaf > 
spring keeps plier J 84 
open,readyforuse. (/ / 
Also available _ 
without spring. ¢ 


ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard 
Electric Corp., 

New York 


& Sons 
Chicago, U.S.A] 





with a handlift to provide a_ by-pass 
control. Magnatrol 
Valve Corp.. 67 Fifth Ave.. Hawthorne, 
N. J. 
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or emergency 


MINIATURE ROTARY 
MULTIPOLE SWITCH 


Only *4 in. sq and weighing 


hs oz Mini- 
ature M-12 twelve-position switch is de- 
signed for applications requiring up to 
3 amp at 115 volts a-c. Up to six decks 
can be ganged for operation with a 
single knob. allowing multicircuit con- 
trol in limited space. Switching action 
can be shorting (make-before-break) or 
nonshorting (break-before-make). with 
continuous rotation or movement 


ited from 2 to 1] positions. 


lim- 


Contact terminals are of silver-mag- 


nesium-nickel alloy; rotor contacts are 





alloy: — the 
detent mechanism is made of stainless 
Solderless terminals 
are optional: matching receptacles for 


silver 


spring-tempered 


steel. connector 
the connecting wires are supplied. 
Model M-12 can be furnished with a 
watertight dust-proof seal incorporated 
in the outer mounting nut. Interrupting 
rating is 4% amp at 115 volts a-c; 
breakdown voltage is 1000 volts rms. 
R-F Inc., Div of Electro 
Switch Corp., Weymouth 88, Mass. 
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Electronics. 


PRECISION GEAR BOXES 


Flexible, precision-made gear boxes 
with a wide range of gear ratios—from 
4:1 to 12,000:1—are useful in servo- 
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When You Want 


More 
Air Delivery 


_,.use Torrington’s 


“E Series” fan blade 


Designed for a broad range of free 
ba air and pressure applications. The 
a “RE” series fan blade is capable of 
n- much greater air delivery than 

- most fan blades of comparable size. 
This has been demonstrated under 
carefully controlled operating 
conditions in Torrington’s own 

g- research laboratory. This series is 
- available in both three and four 
blade construction. The three blade 
is made in 10”-12"-14"-16"-18" 
diameters. The four blade unit is 
manufactured in all these 
diameters plus 8”-22”-24”"-28”". 


Torrington’s unusually broad product 
range and great manufacturing 
capacity can provide...quickly and 
at low cost... the fan blade or blower 


ae wheel that’s best suited to your 
Ss air-moving requirements. 
Is Torrington also maintains a complete 


or research and testing service to 
assist you in the solution of any 


a | design problem relating to air flow, 
od» sound or vibration. 

ig No one has had more experience in 
oF the design and production of air 

Is. impellers than Torrington. Nowhere 


ro else can your dollar buy so much in 
terms of product quality and 
customer service. 


LOOK FOR US 
BOOTHS 416 & 417 
ATLANTIC CITY 

NOV, 28—DEC. 1 
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TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON. CONNECTICUT 
VAN NUYS. CALIFORNIA: OAKVILLE. ONTARIO 
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PHILLIPS CONTROL CORPORATION 


DENVER - ATLANTA - DETROIT - 











MULTI-CONTACT, POWER. HERMETICALLY SEALED RELAYS - 


PHILLIPS 


Your first “here’s-my-problem” 
letter to Phillips will bring you a 


pleasant surprise. It will introduce 


vou to the Phillips Plan - - - a 
/ 


ecom- 


hination of engineering skill® and 


personal service unique in this fi ld. 


Why not write us today—Phillips is 


the name. Or phone for your loeal 


Phillips man to eall. 


FOR EXAMPLE: 

Phillips Engineered Relays 
provide the long life and 
extreme reliability required 
by today’s high speed 


computers, 


TYPE 4BQA — Miniature 

\ | \ 
muilti-contact relay; high 
speed , available 
with printed circuit or taper 
tabs. O.D. 1-11/16°L x 
114" W 


sensitive 





TYPE BQA Multi-c 
relay with twin contacts 
highly sensitive, Ic 
precision operation, aval 
able with taper tabs. O.D 
9-7 /32°L x 1-3,32°W 


snt 





TYPE 270A Po 
five pole, two coils 
efficiency; very rugged 
size, commonly used for 
aircraft. O.D. 2-17, 32°W 
2%6"H x 1%"L 


wer rel 
for hig 





ACTUATORS 


JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK - PHILADELPHIA - BUFFALO - SAN FRANCISCO 
CLEVELAND - 


DALLAS - SEATTLE 


act 


ng lived, 


ay 
h 


smal 


x 


mechanisms. computers. small actua. | 
tors and electronic components. Avail. 
able in two series. 145 and 167. the 
small gear boxes can be mounted 
directly to small electric motors. If 
desired. they can also be supplied with 
an input shaft. Series 145 provides 
up to 150 in.-oz of torque; series 167. 
200 in.-oz. Weight ranges from 214 
to 9 OZ. 


For efficiency. precision ball-bearings 
throughout. Sealed, perma- 
nently lubricated bearings are used on 
The are also 
standard [ Navy Bu- 


reau of Ordinance sizes 15 and 18. The 


are used 


units 
he 


the output 


stage. 


available in 


illustrated Series 145, shown without 
motor, is 1.45 in. in diam, 114 in, 
long and weighs 5 oz. Southwestern 
Industries. 5880 Centinela Ave. Los 


Angeles 45. Calif. 
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Cards 


TEFLON-CASED CAPACITORS 
FOR HIGH-TEMPERATURE 
SERVICE 


Designed especially for sustained high- 


aircraft. 


temperature Operation in alr: 
borne computers and other high-am- 
bient-temperature applications where 
high insulation resistance must be main- 

4 





tained. mounted in 


new capacitors are 
Teflon tubes with axial pig tail leads 
through Teflon buttons that seal the 


Typical capacitors in_ this 
rated at 450 
d-c, for continuous operation at 125 C 


case ends. 


group are working volts, 
Under these conditions, insulation resist- 
LO: 
maintained. Film Capacitors. In 


Park Ave... New York 56. N. ¥ 
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megolims Is 


35400 


ance on the order of 


NONFLAKING LAMINATED 
PLASTICS FOR MOTOR 
INSULATION 
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‘ 


' 


Laminated plastic, identified as Pheno- 


lite A PO-720, 


advantage over mica as a 


Grade is said to 
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NATIONAL ELECTRIC COIL CO.. Columbus, Ohio, chooses glass-fabr 


sted w tetra roett ene reé nt ns ste ite 
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risers and at the ends of the slots. Traction motors 
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Here’s a tape with superior resistance to heat and corrosion 
... excellent electrical properties 


Electrical Properties of Single-Ply Glass Fabrics 
Coated with Du Pont Tetrafluoroethylene Resin 





3 MIL I5 Mil | 6 MIL le MIL | On 




















Du Pont 
tetrafluoroethylene resin- 
coated gliass-fabric tape 





f Tou T l Mil 4 MIL | 
PRODUCT QUALITY CODE 403-1081 4 | 406A e | 4g 281410-1281414-14 | OF TEST 
scares eS = | ee If you’ve a tough electrical insulating problem 
Electrical Properties | ASTM— whether it’s with motors, generators, transformers or 
i » . . 
Surface arc resistance, se Ss > 180 |> 180 | )|>18 | p-49 cables—glass fabric coated with Du Pont tetrafluo- 
; 
Dielectric strength, 1,’ electrode v/n | | | roethylene resin may be the answer. 
vg > 750 ) |>250|>50 In addition to unusual heat resistance, a high de- 
Nheticin ‘constant 60 cach , , | 6 | 26 | 2 )-15 gree of chemical inertness is a characteristic of these 
' ; fabrics—vital where electrical equipment is exposed 
10.000 cycles ae ‘ ; 
to corrosive industrial atmospheres. 
Po factor 60 le 02 )020 l 0017 ll 4 D-15 ‘ = és r 
ee eee ee | eis ‘9 Other advantages include high mechanical strength 
+1 | ’ . . 
1.000.000 cvcle 0009 | .0008 | .ool10 | .0016 | .0009 | .0011 | 15 and extreme toughness .. . excellent dielectric prop- 
Volume resistivity, ohm-cm, room | erties over a wide range of temperatures and frequen- 
| , 
nditions: tone 10 | 10 I 10 | )¢ cies...essentially zero flow under heat and pressure. 
0°¢ Se Se 8 10 10 | 10 1 10 10 )-257 For more information on glass fabrics coated wich 
Insulation resistance. ohm tetraflyoroethylene resin, their properties and appli- 
96 hrs. at 909% R.H., 35°C.) 10 1 10 10 10 10 )-257 cations, just send for your free ‘Gea 
— = L eee copy of our technical bulletin TEFLON an | 
| 
Mail coupon jor further information ... 
DU PONT INDUSTRIAL a ee ae a ete en aa 
: EK. I. du Pont de Nemours & Co. (Inc.) Dept. E-511 eS | 
COATED FABRICS 5 eS nenieene een ee l 
| I am interested in Du Pont glass-faric coated = —___ | 
| with tetrafluoroethylene resin. - | 
E. |. du Pont de Nemours & Company (Inc.) | | 
i Have a representative call. Send further information. 
Fairfield, Conn. | I : ; | 
| Name = _ = Title | 
Firm__ _ 7 Sa ee el | 
| Address : ee 
ES y.s. Pat OF | City laa State | 
BETTER THINGS FOR BETTER LIVING MET CERI na a i 
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ip 
j ALSO NEW! 
“Soft Wound" Spools 
insure delivery of even 
thin-wall tubing 
without flattening. 


PL RESELL RUE DELI, 
SLEEVING 
ae ee 


simplify your vinyl sleeving 
requirements with one grade 


FOR GENERAL PURPOSE USE 


Brand new Resinite EP-69A embodies 
all the necessary properties for a 
“general purpose” insulation sleev- 
ing . . . good dielectric character- 
istics, oil resistance, a wide, effec- 
tive temperature range and a satis- 
factory price. 


FOR SPECIFICATION USE 


Resinite EP-69A is designed specific- 
ally to exceed all requirements of 
specification MIL-I-631B. (Type F, 
Form U, Grades A and B, Class | and 
ll, Category 1 and 2). It provides a 
working temperature range from 
—48°C to +90°C and a dielectric 
strength of 750'volts/mil. In addition, 
it is corrosion, fungus, oil and flame 
resistant beyond specifications. 


Simplify your vinyl sleeving require- 
ments with one grade—Resinite 
EP-69A. Write for samples and per- 
formance data. 


Av 
3 


MTT 


RESIN INDUSTRIES, INC. 


Santa Barbara, Calif. 
SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE 
PUL ie Cee aes 6) ewe tie Ft eae ee a 
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insulating material in d-c motors and 
generators. The polyester-resin-bonded, 
asbestos paper laminate is said to be 
practical for assembly into commutators 
with also has 


automatic machines. It 


good punching qualities and does not 
flake. 

Specifications include: good arc re- 
sistance (181 sec when tested in accord- 
ance with ASTM D495-48T). Dielectric 
strength is 200 to 300 vpm. Compression 
set is 5 to 7 per cent after 4 hr at 374 
F and 1000 psi load. APO-720 is sup- 
plied either in sheets or as_ finished 
pieces fabricated to specifications. Na- 
tional Vulcanized Fibre Co., 1055 Beech 
St.. Wilmington 99, Del. 
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SMALL MAGNETIC COUNTER 


Developed for moderate counting duty 
where extreme long life is not required, 


reset magnetic counter can be con- 


nected in series with any device having 
a contact arrangement. The Series 1507 





be actuated by 
of switch, relay or photoelectric unit. 


counter can any type 
Maximum recommended speed is 700 
counts per min. Watt consumption is 
(24- and 110-volt 


ac-de types are standard). Voltage vari- 


15 at rated voltage 


ation is permissible up to 10 per cent 


but not more than 10 volts. 
Counter measures approximately 244 
in. wide x 2'% in. high. Figures are 


0.188 in. high. Standard counter has 3 











AMERICAN TELEVISION @& 
RADIO CO. ST. PAUL, MINN. | 


introduces the | 


UNSURPASSED 
IN BEAUTY 


UNEQUALLED 
IN PERFORMANCE 


UNMATCHED IN 
QUALITY 


é exclusive 

proritabih 
f im dealey 
? franchises 


ynow available 


f foo F ; 7 J 
/ f j 
yf} 
: * é 


WRITE TODAY FOR COLORFUL 
BROCHURE SHOWING THE 
NEW LINE OF ATR TV SETS 





ALSO MANUFACTURERS OF DC-AC INVERTERS, 
"A" BATTERY ELIMINATORS, AUTO RADIO VIBRATORS 


American Tetevision & Rapio Co. 


Quality Products Since / g3/ 


SAINT PAUL 1, MINNESOTA-U.S.A 
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CONSTRUCTION I 





eee 78s 
Ce meu ae) 
© Deep Fat Fryers 
Lee Mel y ir) 
ae ie) 


© Electric Roasters 
© Home Pasteurizers 
© Laboratory Equipment 
© Hospital Sterilizers 
@ Electric Ovens 


DMM OIE Ul guttas 
® ‘Motor Controls 


© Livestock Watering 
his 


Mea meee gs 
© Space Heaters 


Robertshaw-Fulton Controls Company 
Greensburg, Pennsylvania 


Gentlemen: 
Please send detailed information on your type EA 
thermostat. | am interested in application for 


NAME.. 
COMPANY 
ADDRESS 
CITY. 
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Fluorocarbon Parts 


> meet exacting specifications... 
> cut assembly costs 


Profit from precision parts, fabricated from 
duPont TEFLON, Kellogg KreL-F, BAKELITE 
fluorothene resins and other plastics — by 
United States Gasket Company. 


Quality controlled ‘from powder to part,” 
they assure uniform electrical, chemical and 
physical characteristics of the highest quality. 
Uniform density and dimensional stability 
permit superior accuracy and dependability 
in the finished part. 


Come to USG for all your requirements— 

Fluorocarbon sheets, tape, tubing, cylinders, 

rods, bars, beading, electrical spaghetti—as 
well as molded and machined parts to 
‘ your own specifications. 


Write for catalog No. 300. 


UNITED STATES GASKET COMPANY 
CAMDEN 1, NEW JERSEY 





FABRICATORS OF 


cities throughout 





FLUOROCARBONS & OTHER PLASTICS 


Representatives in principal 





figures; 4 may be provided on special 
order. Panel mounting may also be pro. 
vided. Reset knob is 1'4 in. in diam 
Veeder-Root Inc.. 20 Sargeant St.. Hart. 
ford 2, Conn. 
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ELECTRICAL HEAT-CURING 
TAPES WITH MYLAR BACKING 


Withstanding temperatures up to 150 
C, Grades 254 and 255 Mylar tapes, 
are the latest additions to a line of 
“2 in 1” tapes. These tapes in the un- 
cured state have excellent self-sticking 
characteristics. They can be subjected 
to cure through heat. which firms the 
adhesive, increases their holding power, 
and gives them solvent resistance 

The tapes are made with a 2-mil 
Mvlar backing. and a= rubber base 
adhesive which is free from corrosive 
agents and contains no sulfur. The 
vellow color of 254 permits quick iden- 
tification in the lead picking step in 
transformer and = coil manufacturing. 
No. 255 is a clear tape. 

Both types have a tensile strength of 
50 Ib-in., elongation of 100 per cent, 
an adhesion to steel of 40 oz-in.. and 
a minimum curing cycle of 2 hr at 250 
F or 1 hr at 300 F. When cured. both 
are resistant to varnish and paint sol- 
vent. In addition, Nos. 254 and 255 
have low moisture vapor permeability, 
making the tapes good meisture bar- 
riers in electrical components. 

Kecommended applications include: 
banding fleld and armature coils. hold- 
ing down lead wires in electric motor 
and generator manufacturing.  secur- 
ing leads and insulating cores. and pro- 
viding an outside wrap resistant to 
moisture, abrasion and chemicals. 

Both types are also used in Class B 
insulated electronic components and 
electrical units. Permacel Tape Corp.. 
State Highway 25. New Brunswick N. J 
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400-CYCLE ALTERNATOR 
FOR MISSILES, AIRCRAFT 


Designed to meet extreme environmental 
requirements for periods of short dura- 
tion, 400-cycle, 12.000 rpm alternator 
can be driven by a wide variety of 
prime movers, including d-c motors. 
Capable of continuous operation and 
suitable for use in guided missiles and 
aircraft, the alternator contains a sta- 
bilized alnico permanent magnet field 
and can be rated as high as 2000 va 
at unity power factor. It is a_three- 
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WE CAN STOP IT = 









Mechanical Parking 

Brake Hook-up 

A separate parking brake is 
no longer necessary with 
FSH. If specified, the FSH 
Brake can be furnished with 
a mechanical parking brake 


Long Life Lining 


Brake lining is bonded to the 
shoe to give maximum lining 








One application of the 

foot pedal sets the auto- 
matic adjustment. No further 
adjustment of the brake is 
required during the full life 
of the brake lining. 


For applications 
where a sealed brake 
is required, the FSH is de- 
signed to incorporate a seal 
between the brake backing 
plate and brake drum. 


; ; s ith ini 
linkage that functions e ao ne lining 
independently of the ae. y 
hydraulic system YAf - 

——" iF 

) 
Positive \ ia 8] | 7 
Automatic Ce cee Positive Contact 
Adjustment a * oman bb: n Drum Seal 
NS ZEN 
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DA BRAKES 


...for every industrial 


or automotive application where 


braking is required! 


= FSH...Floating Shoe Hydraulic Brake 
Designed for close control with heavy loads 


The FSH Brake presents some remarkable new ad- 
vantages to manufacturers who need a better, longer 
lasting Hydraulic Brake. The features of the FSH 
were developed after years of field work and labora- 
tory study. These advantages can be a road to new 
economy and better control for your equipment. 


FSH Brake shoes operate with a floating action. 
This eliminates the danger of liner loads concen- 
trating at one point . . . permits the shoe to follow 
the drum. The result of this even load distribution 
is a highly dependable, controllable brake—in 
either direction of travel. This is especially impor- 
tant when stacking heavy loads at high levels and 
maneuvering at close quarters. 


For Additional Information .. . contact the Timken 
Brake Division. Complete details on the FSH 
Brake are available. And, a staff of experienced 
engineers can assist you with any brake problem 
you encounter. 


a 


Tos 


ROCKWELL SPRING AND AXLE COMPANY 
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TANTALUM CAPACITORS... DEPENDABLE SINCE 


228 


OF 
Ai FANSTEEL METALLURGICAL CORPORATION 


The tantalum oxide film 
employed in Fansteel 
Capacitors is the most stable 
dielectric, chemically and 
electrically, yet discovered. 
Fansteel Tantalum Capacitors 
have a practically unlimited 
life, either in use or on the 
shelf; have a maximum 

d-c leakage of only 

0.000008 ampere; and 
stable characteristics are 
unchanged over a wide 


temperature range. 


Fansteel offers Tantalum 
Capacitors in 87 sizes and 
ratings. A partial listing is 
shown here. All sizes are 


available from stock. 


Send for 
bulletin 6.100 


Fansteel 


CT CLE 





WORKING 


CATALOG VOLTAGE 


MAXIMUM 
NUMBER 


CAPACITY 
MFD* 


PP30B6A1 
PP25B8A1 
PP20B10A1 
PPIS5BISAI 


PP1OB25A1 
PP8B30A1 
PPSBSOA1 


PP4B60A1 

PP3.5B75A1 3.5 
PP2B100A1 2 
PP1.75B125A1 1.75 


PP140B6A1 140 
PP1OOBIOAI 100 
PP70B15Al 70 


PP40B30A1 40 
PP25B50A1 25 
PP20B60A1 20 


PP15B75A1 15 
PP11B100C1 
PP9B125Cl 


PP325B6A1 6 
PP250B10A1 10 3.0 
PP175B15A1 15 4.0 





*_15% +20% at 120 cps, 25°C 
§ Microomperes, at 25°C 
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phase, 115 voli, wye-connected unit. For 
extremely close voltage regulation. the 
100-cycle supplied 
with a voltage regulator mounted on 
the alternator 


alternator can be 
frame or as a separate 
unit. This can be accomplished on alter- 
nators manufactured with either a_per- 
manent magnet or wound field so that 
output voltage can be regulated ove: 
varying load conditions. General Ele 
tric Co., |] Rd., 
a. a # 
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River Schenectady. 


HIGH-SPEED PERFORATED 
TAPE READER 


With start and times of 5 milli- 
sec and tape speeds up to 60 ips Model 
903 Perforated Handler offers 
character readout up to 600 per sec. 
The unit is’ said to stop on the stop 
character at speeds of 150 to 300 char- 
acters per sec and on the character fol- 


stop 


Tape 


lowing the stop character at rates of 





600 
eliminates the 


his 


need for any 


ability 


characters per sec. 


slowing 
down of the handler prior to stopping. 
Various models of the 903 are available 
to handle tape widths from '\4; in. to 
| in. and 5 to 8 channel tape. Readout 
head is of simple photo-diode  con- 
struction. 

Model 903 provides an 


means for 


Inexpensive 
intermittent or continuous 
playback of perforated tape data. It 
can be supplied with character reading 
speeds of 150. 300 and 600 per sec. A 


servo-controlled tape drive provides uni- 
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form load tension for fast starts and 
stops without tearing or spilling tape. 
Straight line threading permits chang- 
ing of tapes in seconds. Reel size is 
10% in., capacity is 1000 ft. Potter 
Instrument Co., Inc., 115 Cutter Mill 
Rd.. Great Neck, N. Y. 
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OPEN-TYPE AIRCRAFT MOTOR 


Weighing only 3.5 lb, general-purpose. 
open-type aircraft 
lightweight drive for blowers, pumps. 
actuators, and related equipment. The 
motor delivers 14 hp continuously at 


motor provides a 


7200 rpm and is designed for 3-phase, 
400-cycle, 200-volt' operation. 
Designated Type A, the motor fune- 
tions up to 40,000 ft, with starting 
torque of 4.0 in. lb. Self-ventilated, the 





ambient 
from hon te: Ve SE 
take-off shaft 


accordance’ with 


sea-level 


motor Operates in 
temperatures 
Mounting bracket and 
are standardized in 
military specifications. Motors are avail- 
able in a variety of types. including 
internally geared. totally enclosed, and 
explosion-proof models. U.S. Electrical 
Motors, Inc.. Aircraft Div., Box 2058. 
Terminal Annex, Los Angeles 54. Calif. 
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TOROIDS FOR PRINTED- 
CIRCUIT APPLICATIONS 


\ddition to the “Postage Stamp” toroid 
coil series was designed specifically for 
printed circuitry. The tinned 
No. 20 AWG wire leads are spaced in 
accordance with the standard recently 


use in 


‘) © HYeoR 
if | 4 TYPE 

| | sEM-l4py 
1 | | 100 MHY 


| | 
| 


, 
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INPUT | CONT. D-C OUTPUT 
ener circuit | a-c | AT 100°C 


NUMBER 


TADL35L 
TEUH315(?) 
TBUIO0L 


TEB328L(?) 
TEWO66L 
TECO70L 


TEX034L 
TED200LN 
TBYO60L 


TBYO60L 
TEEW334L(4) 
TEFW332L(4) 


TBGO84L 
TETOSOL 
TEP314L(3) 


TERO20L 
TERO34L 
TBROO8L 


| 1-100-1-H | 2600 


2-11-1-D | 363 | 
/4-4-1-B | 132 


| 4-3-1-B 





| VOLTS | 


1-35-1-H | 455 | 


2-8-1-D | 132 


4-5-1-B | 165 


4-1-3-B | 33 
2-13-1-C-N| 214 
| 73 
| 
4-3-1-B | 41 
2-7-1-D 231 
2-13-1-D | 429 
21-40 13 
4-2-1-B 66 
2-7-2-D 

6-3-1-B 66 
4-1-3-B 33 





6-1-4-B 26 


VOLTS 


0.004(") 
0.020¢") 
0.020 


0.150 
0.180 
0.300 


1.59 
0.600 
1.0 


1.0¢') 
295 | 2.3(5) 
548 | 4.6(5) 


10.4} 5.2 
93.9} 4.6 
189 {14.0 


79.5 | 12.93) 
27.8 |25.8 
32.5 |51.6(5) 





(') Capacitive Load. Ratings unmarked are for resistive or induc 


tive loads. 


(7?) Hermetically Sealed 
() Two stacks required 
(4) Three stacks required 
(4) Resistive, inductive or capacitive load. 








Operating at 100°C (212°F) 
Fansteel High Temperature 
Rectifiers deliver full rated 
power output, continuously, 
with no derating whatever. At 
temperatures up to 150°C 
(302°F), only moderate 


derating is necessary. 


Fansteel High Temperature 
Rectifiers are available in all 
standard cell sizes and all 
standard circuit arrangements 
and with all standard 
protective finishes — moisture 
resistant, fungus resistant 
and a salt-spray resistant 
finish that meets MIL 
specifications. The table 
indicates a partial list of over 


100,000 available types. 


Send for 
bulletin 6.401 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 
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The right 
plastic part 
for your job 
... and more 



































KUHN and JACOB has 30 years 
specialized experience in compres- 
sion molding thermosetting mate- 
rials. It’s their job to custom mold 
parts that exactly fit their func- 
tional requirements, but in addition 
their technical know-how and ex- 
perience helps them to help you in 

recommending materials, saving cost and 
time, and in quality and dependable per- 
formance of your finished part. 


BOOKLETS TO HELP YOU 


HOW TO BUY CUSTOM MOLDED PLAS. 
1iCS”—containing detailed analysis of informa- 
tion for specifying, how to choose the vendor, 
how to analyze quotations, etc. 


“PLASTICS—THE STORY OF 
IRY”—lists advantages of various uses, 
and methods of forming plastics. 


AN INDUS.- 


forms 


"A SERVICE TO USERS OF COMPRESSION 
MOLDED PLASTICS’—this booklet lists and 
shows our services and contains useful tables 
to help you specify and select plastic parts. 


The next time you have a plastic part that we 
can help you with—we'll be glad to serve you. 
Meanwhile let us send you these booklets. 


Represented by 

S. C. Ullman, 55 West 42nd St 

New York, N.Y. Phone PEnn 6-0346 
Wm. A. Chalverus, Carson Road 
Princeton, N.J. Phone 1-3170J2 

Wm. T. Wyler, Box 126 

Stratford, Conn. Phone Bridgeport 7-4293 





a 


TTT eel) 


MOLDING & TOOL CO. 


1204 SOUTHARD ) STREET, TRENTON 8, N. J. 
CL PE ba 
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proposed by the REEMA 
Committee. 


\utomation 


The unit consists of a subminiature 
molybdenum permalloy toroid core with 


a winding residual hole as 


Windings are 


a special compound 


having a 
small as 46 in. diam. 
impregnated with 


and the finished coil is epoxy-plastics 


encased. Overall dimensions: '45 x ™ 
x *. in. thick. 
Coils are available in any inductance 


up to 1 h. Useful lrequency range 
1500 eps to 150 ke 
upon the 


covers depending 


inductance value. The unit is 


capable of withstanding temperatures 
plus extreme en- 
Hyco ( Oi. In % 


North Holly wood, 


from So to) 125: 4, 
vironmental conditions. 
11423 Vanowen St. 
Calif. 
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MINIATURE 
PERMANENT-MAGNET MOTOR 


Miniature 
with governor 


Model PM-OG. 


ages from 35 to 


permanent-magnet motor, 
attached, is designated 
It can be built in volt- 
28 volts d-c. Maximum 
horsepower rating is 1/400 hp: 
5000 to 20.000) rpm. 


speeds 
\otor 


current 


vary from 
develops a torque of 0.20 oz-in.; 





draw is only 0.2 amp. Dimensions: °4 
in. x 7 in. x2 in. plus shaft extension. 
Shaft 


which weighs 2 oz. 


including governor. diameter is 
in. The motor. 
quiet 


Small 


can be made reversible and is 
bearings. 


Kelston Ave.. 


running. having sleeve 
Motors Inec.. 2058 


I. 
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Chicago 


Cards 


MIDGET ALUMINUM ELECTRO- 
LYTIC CAPACITORS FOR 
TRANSISTOR CIRCUITRY 


Hermetically sealed aluminum electre- 
Iyvtic = capacitors, the 
suitable for use in transistorized pocket 
radio receivers. 
miniature 


ment. The capacitors 
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Available in all standard panel instrument 
sizes, equipment designers now can specify rug- 
gedized meters in the exact size required for 
any built-in equipment need. For complete in- 
formation on WESTON Ruggedized Panel 
Instruments, including types and ranges avail- 
able, communicate with the Weston represent- 
ative in your vicinity, or write direct to... 
WESTON Electrical Instrument Corporation, 
614 Frelinghuysen Avenue, Newark 5, N. J. 


WESTON INSTRUMENTS 


































HIGH VOLTAGE TESTING 
with 


~ HYPOTS 


UP TO 
150 KV. 


and 
25 KVA. 
PROMPT 
DELIVERY 
a 
or D.C. 








D.C. HYPOT\ | 
MODEL 437 
has continuously variable range 
of O—15/30/45,000 volts; capacity 
of 112.5 VA. 

Standard A.C. and D.C. Hypots are available for prompt delivery in most 
voltage ratings and capacities. Custom units to meet unusual requirements 
are our specialty. 


A.C. HYPOT 
MODEL 557 


has continuously variable range of 
O0—30,000 volts; capacity of 5 KVA. 


Write for details on Hypot Models to fit your needs . . 


. A. C. Hypots in 
Bulletin 5-A ... D.C. Hypots in Bulletin 14-1. 


otcetcl 


3794 BELMONT AVENUE + CHICAGO 18, ILLINOIS 
Export Dept., 308 W. Washington Blvd., Chicago 6, IIl, 


“Precision Instruments Since 1936” 


ASSOCIATED ReseWecu, 
LACOGD 


VAP-OIL-TITE 
CONNECTORS 
For Liquid-Tight Flexible 


ee 


The Original and Dependable 
Split Ring Connector 


PREVENTS COSTLY SHORTS 
and DOWNTIME 


makes it grip the conduit with tre- 
mendous pressure, while multiple 
points of contact between the ring 
and inside of the connector body 
provide a perfect seal. Corrosion re- 
sistant zinc or aluminum. Write for 
new bulletin and prices. 


The time-proven Simplet Vap-Oil- 
Tite principle, using a split ring and 
threaded grounding bushing, insures 
a permanently safe connection, pos- 
itively sealed against vapor, oil, 
water or dust. Compression nut 
ring, 


squeezes the grooved split 


<{[> SIMPLET ELECTRIC COMPANY 


WHOLLY OWNED SUBSIDIARY OF IDEAL INDUSTRIES, Inc. 
1OOE Park Avenue, Sycamore, Illinois 





Metallic Conduit UL: 










30D, are available in 


a wide range of 


capacitance ratings from | to 110 mf, 
and in standard working d-c voltages of 
1, 3, 6, 10, 12 and 15. Sizes range from 
%46 in. diam x '2 in. long | to %g in. 
diam x *4 in. long. 

The mechanical design lends itself to 
mechanized assembly on printed wiring 
boards. Maximum operating tempera- 
ture is 65 C. Sprague Electric Co., 307 
Marshall St.. North Adams, Mass. 
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3-WAY SOLENOID 
PILOT-OPERATED AIR VALVE 


Non-corrosive throughout, 5-3. series 3- 
way solenoid pilot-operated alr valve of- 
bubble-tight shut-off. 
Applications include use on power feeds 


fers a_ positive 


and other pneumatic equipment. Valve 


operates without springs and provides 








tail-safe performance. By rotating the 
pilot head, the valve can be used nor- 
mally open or normally closed. 

The solenoid has a low amperage 
solenoid coil that operates on most a-€ 
and d-c voltages (with power consump- 
tion of 10 watts max) and directs only 
two internal moving parts; spool and 

solenoid plunger. It operates continu- 

ously without harm to solenoid or valve. 
Each valve has full pipe capacity with 
operating pressure ranging from 30 to 
. ‘ 
NOVEMBER 1955 ELECTRICAL MANUFACTURING 


WHAT'S NEW IN MOTOR CONTROL? * * & GET IT FIRST IN CUTLER-HAMMER 





| New Cutler-Hammer Three-Star Combination 


Starters offer industry important new economies 
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COMBINATION STARTER | : : P F is ms 6COMBINATION STARTER; 
Combines safety discon- Combines oa circyit 
nect switch with motor a f breaker with the motor 
storter in a single unit. 4 starter in one compact 
| NEMA | Enclosure is here © unit. NEMA 12 Enclosure 

E ¢ ilustroted. is here illustrated. 

\ > 

of- 

off. 
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Convenience and economy are basic 
advantages of combination starters. 
Users everywhere say the new 
Cutler-Hammer *% * * Combina- 
tion Starters bring these basic 
advantages to new high levels of im- 

ortance. Contact life is so amaz- 
ingly improved that maintenance 
care is never needed in all normal 
uses. Adjustable load sensing coils 
permit motors to work at top capac- 
ity without hazard to provide maxi- 
mum production without needless 
work interruptions. And the widely 

raised Cutler-Hammer exclusive, 

ull three-phase overload protection 
in standard combination starters, 
is optional at slight additional cost. 





Full Three- a Sctuation 


Only three overload relays can give com- 
plete three-phase protection to avoid mo- 
tor burn-outs and their costly interruptions 
to production. And only Cutler-Hammer 
offers this complete three-phase protection 
in standard combination starters. You pay 
only for the third relay, nothing extra for 
special engineering or special enclosures. 


READER INQUIRY SERVICE CARDS, PRECEDING 


The three silver stars 
stand for three new standards 








Adjustable Load Sensing Coils 
The accurate adjustment of overload pro- 
tection permits motors to work harder with- 
out damage to motor windings. This is more 
important than ever with the newer type 
small frame motors. Adjustable load sensing 
coils in these new starters provide 3% 
loading accuracy instead of the 10% to 
12% accuracy in competitive control. 


BACK COVER 





Compare the performance and econ- 
omies of these remarkable new 
Cutler-Hammer Three-Star Com- 
bination Starters with any you have 
ever known. Cutler-Hammer Bulle- 
tin 9589 Combination Starters in- 
corporate rugged disconnect 
switches of advanced design (fused 
or unfused). Cutler-Hammer Bulle- 
tin 9591 Combination Starters are 
equipped with circuit breakers. 
Your nearby Cutler-Hammer Au- 
thorized Distributor is stocked and 
ready to serve you. Order from him 


today. 

CUTLER-HAMMER, Inc., 1264 
St. Paul Avenue, Milwaukee Il, 
Wisconsin. 





Superlife Vertical Contacts 
Experienced control users insist on dust- 
safe vertical contacts. And now the famous 
Cutler-Hammer vertical contacts have been 
doubly improved. First, their new light- 
weight design cuts bounce to reduce arc- 
ing. Second, any arcing that might occur is 
now pressure-quenched. Compare per- 
formance and see the difference. 





] 150 psi. It can be mounted in any 
position: also, base-mounted if desired, 
Lead lengths of 24 in. are provided. Al] 
internal parts are readily accessible jn 
the valve by removing the bottom nut 







Airmatic Valve, Inc.. 7217 Associate 
Ave.. Cleveland 3, Ohio. 
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MOTOR 


» Makes Design easy as MEDIUM POWER | 


TRANSISTORS 
- y J = x 4 Designed for greater power dissipation 


with linear operation over a wide col- 





lector current range. medium power 
transistors are hermetically sealed un- 
der vacuum to insure reliability under 


greater powel dissipation at elevated 


only 2” in diameter | 


three frequencies...60,400 
and variable 


the most severe operating conditions, 
oO one basic design Eficient thermal connections provide | 
Here is one basic motor design incorporating the top-quality 
engineering fhat's ‘‘standard'’ at EAD .. . and capable of 
modifications for an unusually broad field of applications. You 
can order this 2” diameter motor (maximum weight is only 17 
ounces) as an induction motor or a hysteresis-synchronous motor. 
It meets applicable MIL specifications and is available with Class 
“H"’ insulation for long life, high temperature operation. Just 
one more example of how EAD engineering meets the most ex- 
acting requirements for rotating electrical equipment. 





temperatures (up to 750 milliwatts dis- 


INDUCTION MOTOR: For blowers, fans, automatic devices, 
business machines, control equipment, antenna drives, etc. 


sipation at 25 C.). Maximum dis-ipa- 
tion ability of 2N85. 2N86 and 2N87 











Oe a. HP _ RPM AMPS MODEL 
60 cycle, 115 volts 1/100 3,000 0.30 P52QDU 





medium power transistors is obtained 
bv chassis mounting. 


1/100 7,200 0.30 P52QFU Intended for Class A or B output or 
400 cycle 1/50 7,000 0.40 P52NFU driving stages, the transistors provide 
115 volts 1/30 6,200 0.80 | PS2LFU | high output with a minimum of distor- 









ae 1/50 22,000 0.75 | PSONDU 
320-1200 cycle 1/300 4,500 av., 0.60 P52UFU 
1/50 4,000 0.80 | P52NEU 


tion. Approximately 1.5 watts output 
can be obtained from a pall of 2N9%6 


variable frequency medium power transistors operated. in 











push-pull Class B. even at tempera-— | 


HYSTERESIS-SYNCHRONOUS: For timing devices; stroboscopic tures up to 70 C. when mounted on an 
work; wherever load inertia is a problem (i.e. recorders, turn- 
tables, facsimile equipment, etc.) 


aluminum chassis for heat) sink pur- 
poses. Transitron Electronic Corp. Mel- 





| HP | RPM AMPS | MODEL rose 76, Mass. 
60 cycle, 115 volts 1/200 3,600 0.26 P52SRU | Circle No. 56, Reader Inquiry Service Cards 
preceding back cover | 


Complete infor- 
mation on EAD's 
line of small mo- 


«steals SUBMINIATURE MOTOR 


neering - design 
service will be GEARHEAD 


sent on request. 


Subminiature motor gear head meas: — | 
, . Nee lel sane : = i 
et wk tA é ures 0.937 in. in diam and adds just % 
Dien a rt) 
aoe eal Care A " 


a in. leneth to size 10 motors in its 26.4:1 





reduction ratio. The unit can be fur- 


EASTERN ALR DEVICES V0.5 EEO i 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD illustrated contains internally. in addi- 
he wo o . : tion to its gear clusters. a special ad- | 
/ f. ' ? tust ¥ (» t 

G3 oF Lie y im “~* y j &, justable slip clutch. 
INDUCTION MOTORS CENTRIFUGAL BLOWER ACHOMETER GENERATOR FAN ALTERNATORS GEAR MOTURS Backlash is less than 30 min: weight 
is 114 oz. The housing. gear clusters 
383 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE and pinions are made of stainless steel; 

. 


234 NOVEMBER 1955 ELECTRICAL MANUFACTURING 





‘ A Big Reason Why More Firms 


All 


: Are Switching to Copyflex 


late 


tion 


| BB Xo): 183d. 
“| BINS elm 







\der ; — | 
ee and a 
“Bie 23-7 N ie} ——y ~ 


Model 93 


dis- 


si Because Copyflex reproduction machines are completely 
\87 free from fumes and odors, they require no exhaust 
ned venting ... they need no plumbing or auxiliary equip- 


ment, no installation other than an electrical connection. PUT IT HERE... 


Near an inside wall— 
no plumbing, no ducts! 


t or is 
Because they are absolutely clean, quiet, and odorless, 





vide 

tor | they can be operated anywhere without annoyance to 
[put personnel in the vicinity. 

N96 


in | That’s why the people who handle reproduction, and 
in 
oan know it best, prefer Copyflex. It’s a big reason why more PUT IT THERE... 


- and more firms are switching to Copyflex! Near an outside wall— 
pur- Why settle for less when it costs no more to own the ey een 
lel: one machine that offers you all the advantages of diazo- 

type, positive black-on-white reproduction—speed .. . 
| economy... quality —plus trouble-free installation and 
ideal operating conditions! 





PUT IT ANYWHERE! 
Needs only an electrical 


You'll find that Bruning also gives you the widest ; ; 
connection for operation! 


selection of reproduction materials available anywhere. 
Mail coupon for information on models and prices—today! 








eas- 

. | | Charles Bruning Company, Inc., Dept. 113-i i 
[ | 4700 Montrose Ave., Chicago 41, Ill. 
4:1 | | Please send me information on Copyflex 
~ CBRUNING ——— | 
sig: l Name Title l 
weer 
ddi- Best Process! Best Machines! CG; 0X | Company ; | 
ad- | Best Selection of Materials! | Address es - | 
ie Specialists in Copying Since 1897 City i: Zone A icessarninias | 
igh 


ters 


eel CHARLES BRUNING COMPANY, INCORPORATED + 4700 MONTROSE AVENUE © CHICAGO 41, ILLINOIS 


RING READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 235 








HA YDON time DEVICES 


Men who have their minds on tomorrow — designers, engineers, and 
manufacturers with the responsibility of developing new and better prod- 
ucts and processes — recognize time as a major factor in advanced design. 
And they recognize HAYDON as a major developer of timing devices... 


devices that have tested and proved time! 


For the controlled measure of time, whether seconds or weeks, you can 

rely on HAYDON Timing Devices to track with precision and persistence. 
_Whatever your requirement — interval timers, time delay relays, cycle 
timers or other timing devices — ask HAYDON at Torrington. Write 
direct outlining your needs, or ask the nearby HAYDON Field Engineer. 


Illustrated: HAYDON Interval Timer — 8006 Series rugged heavy-duty 
interval timer for commercial, industrial, and appliance applications. Times 


intervals from 60 seconds to 2 weeks, 


* Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON 


A SUBSIDIARY OF GENERAL TIME CORPORATION 





HEADQUARTERS FOR 


| TIMING | 


2535 ELM STREET, TORRINGTON, CONN. 
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| HAYDON Manufacturing Company, Inc. 
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A.B.E.C. Class 5 ball bearings are used 
throughout. Applications include com- 
puters, servo controls and general in- 
strumentation where weight and_ size 
limitations are critical. Bowmar Instru- 
ment Corp., 2415 Pennsylvania Ave.. 


Fort Wayne, Ind. 


Circle No. 57, Reader Inquiry Service Cards 
preceding back cover 


FABRICATED STEEL OIL-TIGHT 
PUSHBUTTON ENCLOSURES 


Oil-tight pushbutton enclosures fabri 
cated from 14 gage steel in ten standard 


sizes for 1. 2. 3, 4, 6, 9, 12, 16, and 25 
control units are of all welded = con- 





The 
gasket is fastened to the box 
nickel-plated 
into 


struction. cover with a sponge 
neoprene 
which 
tapped holes — lo- 


cated in the box flange. The cover has 


by four screws 


thread closed 
a special hinge arrangement to permit 
it to be readily removed from the box 


or to be swung open tor wiring ol 
cover-mounted control units. 
Pushbutton openings located on Diy 
in. centers, are shaped to accommodate 
any standard make of control unit while 
retaining an oil-tight seal. 
The which has 


ternal mounting feet, may be 


enclosure, two ex- 
used in 
any position. Conduit connections may 
desired size and at any de- 
location. Hoffman 


Anoka, Minn. 


Circle No. 58, Reader Inquiry Service Cards 
preceding back cover 
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Only Continental Engineers Are 
pecially Trained for Special Fasteners! 


Read why they now lead the industry 
in special fastener production 


Each engineer at Continental is required to 
undergo thorough experience producing ground 
thread taps and gages, with their exacting screw 
dimensions. This special training in the highest 
standards of precision is passed on to you in 
every Continental product—at no extra cost. 

Continental’s superior accuracy and greater 
thread uniformity has boosted it to the top of the 
industry in the production of special fasteners— 
with an average of over 6500 different blueprints 
turned out each week. Many times, Continental 
cold forged fasteners have been substituted for 
expensive screw machine products; improving the 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


product by increasing its strength while reducing 
its cost. 

Why not put your special fastening needs in 
the most experienced hands? Call or write today 
and talk over your problem with the Continental 
engineers. 





Continental Screw Co. 


Manufacturers of Holtite Fastenings 
NEW BEDFORD, MASSACHUSETTS, U. S. A. 
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called upon 





by manufacturers of 


NG COMPANY 


nue GRAY 


MANUFACTURI 








nationally famous products 





Gray AUDOGRAPH V 


electronic dictation equipment 
needed a noiseless motor to 
achieve High Fidelity voice 
reproduction. A Scruggs 4-pole 
shaded pole motor, tailored to 
their specifications, met the 
need for quiet operation and 
long life. 


Take a tip from GRAY, 


only one of the leading manu- 
facturers who take advantage 
of Scruggs aid in developing 
better products. Give us your 
specs...a Scruggs motor will 
be tailored to fit them. Write 
Loyd Scruggs Co., Festus, Mo. 


You can stake your reputation on SCRUGGS MOTORS 


THE 


my of 
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MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 


Crug gq< COMPANY 


FESTUS, MISSOURI 








MERCURY RELAY WITH 
CERAMIC PLUNGER 


Faster operation due to lightness of the 


ceramic plunger is an advantage 
claimed for new mercury relay. Other 
design features include hermetically 
sealed heavy tungsten contacts; mer- 


curvy to mercury make-and-break in 


DELPHIA SCIENTIFIC GLAS 
Abington, Pa. 


TYPE Past 
WSy 60 CYCQS 
LOAD 





high vacuum: and heavy glass enclos- 
ure. Relays are fast acting—35 millisec 
to make contact, 55 millisee to break. 
Units are suitable for current loads up 
to 35 amp. 115 volts; 25 amp, 220 volts 
a-c: motor loads up to 2 hp, 115 or 220 
volts. a-c. Philadelphia Scientific Glass 
Co., 1866 Eckard Ave., Abington, Pa. 


Circle No. 59, Reader Inquiry Service Cards 
preceding back cover 


VARIABLE-SPEED 
PUSHBUTTON CONTROL 


Five-step pushbutton units provide five 
separate control steps with suitable re- 
lay or contactor panels. This permits the 
operator to start the motor slowly by 
pressing the button to the first step. As 
the button is pressed through the other 
four steps. higher speeds are obtained. 
It is )) sssible to hold any one of the five 


ome 
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VEEDER-ROOT INCORPORATED 


ed Evidence 


Add 


coil motions. The primary recoil absorbs the 
cannon’s ‘‘kick’’. The secondary recoil (some- 
thing new in artillery) absorbs the forces created 
by the primary recoil. And each recoil motion is 
recorded by this special Veeder-Root Counter 
designed with a plunger-action shaft . . . which 
keeps the score on the cannon’s use and indicates 


HARTFORD 2, CONNECTICUT 
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NEW ATOMIC CANNON 








veryone Can Count on 


a VEEDER- ROOT 


This mobile 280 mm. atomic cannon has two re- 


approaching need for maintenance. 

This again points up the fact that “Anything 
Worth Making — or Worth Doing — Is Worth 
Counting.’ And Veeder-Root has the experience 
and resources you can count on, to give you any 
counter you need .. . for any mechanical or elec- 
trical application . . . in any field from Atomics 
to Automation. Write: 


Montreal 2, Canada ° Dundee, Scotland 
Offices and Agents in Principal Cities 











Chicago 6, Ill. * New York 19,N.Y. * Greenville, S. C, 


“The Name that Counts” 
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Silicone) 
rubber parts 


produced 


ad = =, © 





4 


STALWART 


...can be the 
answer to your 


rubber 
parts » a 


problems 





involving 





extreme 


temperatures 


up to 500°F 
down to-120°F 
write. taday 


ask for 
bulletin 






RUBBER COMPANY 


Mfg. Plants in Bedford, Ohio and Jasper, Georgia 
197 Northfield Road e Bedford, Ohio 
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speeds while either accelerating or de- 
celerating the motor. 

Variable Speed Pushbutton Units can 
be used with either a-c or d-c circuits 
and can be mounted in a totally en- 
closed housing. Harnischfeger Corp.., 
Electrical Products Div.. 4460 West Na- 
tional Ave.. Milwaukee 46. Wis. 


Circle No. 60, Reader Inquiry Service Cards 
preceding back cover 


LIGHT-WALL TUBING IN 
LARGER SIZES 


Production limits for Types 304 and 
321 Weldrawn welded and cold drawn 
stainless light-wall tubing have been 
expanded to 2!15 in. OD. The maximum 
size had been 11x, in. OD. Applications 
for large diameter. light-wall tubing in- 
clude fractional-horsepower motor Cas- 
ings. Standard outer diameter tolerances 
are +-0.005 in.. 0.000 in., on tubing 
to under 115 in. OD. and +-0.010 in.. 

0.000 in. on tubing with a 11% in. to 
244g in. OD inclusive. Wall thickness 
tolerance is 10 per cent on all sizes. 
Weldrawn light-wall tubing is furnished 
in lengths to 28 ft max. Superior Tube 
Co.. 1519 Germantown Ave.. Norristown. 
Pa. 


Circle No. 61, Reader Inquiry Service Cards 
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MINIATURE AXIAL BLOWER 


Miniature axial blowers for either a-c 
or d-c consist of a combination of manu- 
facturer'’s Type SC 400- or 60-cvele 
motor and a_ die-cast aluminum fan 
mounted in a die-cast aluminum hous- 
ing. Special provisions can be made so 
that the d-c blower will meet the radio 
MIL-1-6181. 


Housings on both a-c and d-c model 


noise requirements — of 


provide environmental protection — re- 








Electrical Indicating 
Panel Meters and Pyrometers 


Model 261 
shown, 

Price $11.50 
White-face, 
Black-face, or 
Colored Dials. 
Can be cali- 
brated in any 
units: (Amps, 
KV, FPM, 
Angstrom Units) 





Pyrometers are medium resistance (4 ohms per 
millivolt). Accuracy 2%. Automatic, bimetal cold 
junction correction. Compensated for copper 
error. (Ranges from — 400 to +3000°F.) 

Large dial area~—clearly visible. Less waste 
panel space. Easily lighted transparent plastic 
front and case. Anti-static treated. Tubing pointer 
normally supplied. Knife-edge and other types 
available. D’Arsonval movement in Alnico per- 
manent magnet. Snap-fit construction, virtually 
dust-tight case. AC meters are rectifier type. 
Model 451 is 42”; Model 351 is 342”; Model 
261 is 22”. Meters with Zero Right, Zero Center 
or up to two-thirds of 4g 
range suppressed can be 
supplied. AC and DC 
in multiple ranges. Meter 
ranges: DC or AC 0/20 
Microamps to 0/50 
Amps. 0/5 Millivolts to 
0/500 Volts. (Minimum 
AC Range 0/250 Milli- 
voits). Panel meters and pyrometers with black 
Bakelite cases also availiable. Model 301 shown. 
Write for Bulletin G-9 Assembly Products, Inc., 
Chesterland 14 Ohio. Phone: (Cleveland, O.) 
HAmilton 3-4436. 


SIMPLYTROL 





AUTOMATIC 
PYROMETER 





Cat. No. 4531 0/2500° F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, ovens, 
and processes. The Simplytrol is economical 
ond reliable with few moving parts. There 
ore no vacuum tubes. The regular load relay 
is S$.P.D.T. 5 Amps 
relays to 40 Amps 


Optional heavy duty 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F. 
“On & Off’ control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com 
pensation. For use with all standard thermo 
couples. Accuracy 2% 


“Auto-Limit’ switch changes Simplytrol from 
automatic controller to limit pyrometer for 
safety shut down or warning. Cabinet: 6'x 
6%x9'/2 inches. Also flush panel mount models 
Send for new Bulletin G-7 for more dato 
Assembly Products, Inc., Chesterland 14, Ohio. 


Atomic Exposition, Booth 423, 
Dec. 10-16, Cleveland, Ohio 
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ALL HEAD STYLES * ALL METALS 
| PRECISION PRODUCTS~— Central Screws with standard external, 
internal, countersunk or helical washers are supplied as single pre- 
assembled units with Phillips Recessed, standard slotted and clutch 
head screws—all head styles and all metals. With predetermined 
- = spring action and a free spinning position on the shank, they drive 
O right and stay tight! 
; SALES ENGINEERING — The Central factory-trained man nearest 
you will gladly assist with your lockwasher assembly problems. He 
a qualifies through long experience to recommend the correct Sems 
e Lockwasher Screw that will, in each instance, insure a speedy, efficient, 
cil low-cost vibration-free assembly. 
= 3 COMPLETE FACTORY STOCKS-. Fast deliveries of Central’s 
. "x 7 Sems Screws and other standard items in Central’s complete line of 
o fasteners are available f.o.b. from Chicago, Keene, N.H., and Los 
to Angeles. Write—wire—phone—teletype now. 
F 
-d ~ CHICAGO, HL. KEENE, NM. : 
ic , 
gh 
rn 
Oo 


‘you Can Depend on Central’ 


RTM ahs 


ls 
3501) SHIELDS AVE., CHICAGO 9, ILLINOIS 
“ LET: 3028 E. ELEVENTH ST., LOS ANGELES, 23 CALIF. © 149 EMERALD ST., KEENE, N.H 
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1905 . Einstein had just introduced the 


theory of relativity. The Bodines receive: 
their first orders . . one from Reynolds-Dul 


Flasher Co. to run this sign flasher 


Ford unveils b A n 
xperiment I ethi iT 
nd they used s; Bodine mot t 
drive their scannin ys yé 8 


Industry’s Use of Electric Motors, 








In 1930 Marilyn Miller starr 


nr + 


1905-1955, Traced by Bodine 


Pictures of old Thor washing ma- 
chines, 1910 telephone ringing ma- 
chines, juke boxes from the 1920's, 
and dozens of other interesting 
items came to light recently as 
Bodine Electric Co., Chicago man- 
ufacturer of fractional horsepower 
electric motors, dug deep into its 
files of yesteryear for examples of 
early motor applications. Purpose 
of the search was the celebration 
of the company’s 50th anniversary. 

Late in 1954, Bodine called in 
special writers .. gave them the job 
of gathering facts and figures on 


242 


the company’s history. 

Research revealed that the Bo- 
dine story was not without an in- 
teresting tinge of Horatio Alger. 
There were the very first days 
when the embryo company oper- 
ated from the Bodine brothers’ 
bedroom. Then came the big day 
..when the company formally 
came into being with a capitaliza- 
tion of $1,050.00 ..just about all the 
money the Bodine boys had. 

The first year was not easy .. only 
four motors were sold. Had it not 
been for a number of motor main- 








tenance contracts, the 
pany might 
1906, and 

exceeded 160, 
‘volume”’ 
Succeeding 


young com- 
have failed. Came 
business better.. 
including a 
order..for ten motors. 
years, saw the 
pany grow larger and larger. 
As might be expected, Bodine 
outgrew its quarters frequently.. 
the most recent expansions being 
a second factory erected in the late 
40’s .. followed in 1955 by the start 
of still another new factory. 

A picture story of Bodine’s 50 
vear growth is presented above. 


Was 


sale 5 


com- 
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the dirigil Hindenburg exploded, and on 





Gen. Eisenhower invaded Normandy in 
1944. Armies used almost as much paper 
as ammunition . . and Ditto machines, like 


this one, were powered with Bodine motors 





In 1919, w 


ic f hry Yr wiee "ar 1 1QQA! ie dnaielllcil 
n the use of rouge, bu irrent ads showed 1924! Ameri 





brought up ladies still frowned New York to Los Angeles airmail! started in 





how pleased they were with the Multi . many used check car Lit iachines 


sve miasrarect xi gee alias ait + thie SR : ae 
jraph . . powered with a Bodine motor like this . . powered wit! I n TS. 





In May 1940, Holland, | iur nd France 1941 . Pearl Harbor! In South Bend at 


f-)] c2 vv | A y ; ‘ T iu re + WT tr T "" + ctrey Y 
lell to Germany. in A ica, machine Is neé Jniversity I Notre Vame 1 strange 
I 1 1 thi k y y hin t < 
ere in a I ‘ k nis KING iT 
neinnatl — ¢ 1 y iM tors | rols. 





BGs 


Joe Louis smashed Jersey Joe Walcott in Brooklyn recorded its first World Series 





1948 . . then retired. Others saw stars via thampionship. And many 
the new 200" Mt. Palomar telescope . . recorded with this Berlant Recorder .. 


operated by some 100 Bodine motors. ered with a Bodine motor. Yes, it’s 1955! 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 243 

















Here is one of the Stearns clutches installed at the Manitowoc Portland quired by military specifications. The 
Cement Company. It transmits power from the motor to the prelimi- axial blowers are available with air 
nary grinding mill. flow in either direction and for opera- 
tion on frequencies other than 400 eps, 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton 4, Ohio. . 
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HIGH-SPEED SAMPLING 
SWITCH 


High-speed precision sampling switch, 
with integral motor and planetary gear 
reduction, is available with 1, 2. or 3 | 
concentric poles, 60 contacts per pole. — | 
Use is made of a special semimolded | 
contact plate construction for longer 
service-free life and = greater dimen 





NO CLUTCH DOWN TIME 


-.-even after 3 years 
of 24-hour-a-day service 


Three years ago Manitowoc Portland Cement Company, 
Manitowoc, Wisconsin, installed Stearns magnetic clutches on 
two preliminary grinding mills used to crush stone to 20 mesh 
size. These clutches replaced heavy, outsized friction units 
which became misaligned and sometimes even twisted off and 
broke the drive shaft. 


Not one cent of maintenance 


The Stearns clutches are operating 24 hours a day and, according 





to James Dailey, superintendent and manager, they have not 


required a single adjustment or one cent of maintenance since 


installation. During this same period old clutches, still used on sional stability. Connections to each 
ea 5 s aks pole are made by wire leads molded 

other grinding mills, broke down or required lining replacement . “isle 
into the plate and attached to multipin 


... resulting in costly down time and loss of production. connectors. This provides plug in con- 

nection and greater ease of inspection. 

Engage smoother, require less space Dimensions: 3°, in. diam x 2 in. long, 
with *%4 in. diam x | in.-long hub. 


The Stearns clutches engage quickly, yet smoothly . . . require only ; “3 
General Devices. Inc.. P. O. Box 253, 


14, the space needed for the old clutches. They are controlled Ratan Hd 
through convenient push buttons instead of hand levers. Civcie the. G2, Render Reasiey Service Casts 


preceding back cover 


Stearns magnetic clutches matched to your machine 


Stearns offers clutches for equipment ranging from business machines 
to ball mills — and larger. Torque range from .1 Ib ft to 30,000 Ib PERMANENT-MAGNET 
ft. Available in a wide range of standard models or custom-built MOTOR 


units to match your machine exactly. Get full details on the finest D-c motors incorporating a permanent: 
magnetic clutches available. Write today for bulletin 226-DJ. magnet field assembly have an overall 

1124 body length of less than 114 in. Weight 
MAGNETIC EQUIPMENT FOR ALL INDUSTRY is less than 3 072. 


; The new line incorporates a housing 

¥- machined from solid aluminum, low- 

% T a A rR & S ft & MAG be E T gs torque ball bearings, an anodized fin- 
Or ish, and improved mechanical construc- 


STEARNS MAGNETIC, INC., 642 S. 28th St., Milwaukee 46, Wis. tion. Motor has an adjustable rotatable 


. 
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New translucent 

laminate for the 

first time allows 
fm a visual check on 
a the accuracy of 
F circuit register. 


© 
St ee © li 





Formica Research perfects sensational new cold punching laminate 


Brings 1,000,000 megohms resistance value, precision 
and translucency to printed circuitry..... 


Research, an important part of the 
exclusive new Formica 4-point service, 
has just perfected a new cold punching 
paper base laminate offering 1,000,000 
megohms insulation resistance and val- 
uable new translucent properties. 

Known as XXXP-36, the new grade 
brings greater accuracy to printed 
circuitry. Because of its cold punch- 
ing qualities, XXXP-36 requires no 
heat cycle. Therefore, the base lami- 
nate is not subject to dimensional 


tet iaat ih 


ORMICA" 


Lominated Plastic 


Pays in Performance 







FORMICA ®&)—the most famous name in laminated 
plastics—Engineered for industry, Beauty Bonded 
for the home. 


change as in grades which must be 
heated before punching. This means 
that with Formica XXXP-36, you can 
now produce printed circuits with new 
and higher standards of accuracy. 

XXXP-36 translucency can be doubly 
useful. Make this simple test: hold it to 
the light. You can see (1) the smooth, 
homogenous structure, the total ab- 
sence of resin pockets, voids and im- 
perfections that dissipate the insulat- 
ing properties of ordinary paper base 


Make the Formica Trans- 
lucency Test. Send for a 


laminates . . . and (2) how perfectly 
the circuit on one side registers with 
that on the other. New XXXP-36 is 
ideal for terminal boards and tv insu- 
lators requiring high I. R. Formica’s 
engineering skill can help you find new 
materials tor new products and_proc- 
esses, For complete information on 


the new XXXP-36, or on the new 


“Formica-4” service, use coupon below. 


The Formica Co., 4645 Spring Grove 
Ave., Cincinnati 32, Ohio. 


sample X X X P-36 printed { [— I’d like a sample XX XP-36 printed circuit and 


circuit. Fill out and mail 
coupon today. 





Name 


complete information on this new grade 


Send bulletin showing how I can take advantage of 
| the new ‘‘Formica-4”’ laminated plastics service. 





Address 
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t might as well be YOUR plant, for 
in it, Kirk & Blum can bring your drawings 
to life . . . with substantial savings for you 
in costs and capital investments. 


Kirk & Blum offers complete facilities for 
the fabrication of sheet and plate to 42” 
thickness—and light structurals. We spe 
cialize in aluminum, monel, stainless and 


other alloy fabrication. 


In the modern 150,000 sq. ft. Kirk & Blum 
plant is to be found the latest metalwork- 
ing equipment available, operated by 
skilled sheet metal craftsmen. Overhead 
cranes, to 25 ton capacity, serve entire 
assembly areas and interior rail siding. A 
new warehouse contains extensive inven 
tories of materials. Coordinated for speed, 
versatility and accuracy, these facilities 
assure successful and economical comple 
tion of your products. 


THE KIRK & BLUM MFG. CO. 
3122 FORRER STREET 
CINCINNATI 9, OHIO 


Established 1907 


KIRK: Blum 


SHEET METAL FABRICATION 








brush holder. Other mechanical features 
include a flat wafer-type commutator 
with brushes removable from the rear 
of the motor. 

Various electrical characteristics are 
available. with a range of operating volt- 
ages from 6 to 80 volts. no-load speeds 
from 3000 toe 20.000) rpm, and power 
output up to 1] watts or approximately 
ley hp. Servo-Tek Products Co.. Ine.. 
1086 Goflle Rd... Hawthorne. \N. J. 


Circle No. 64, Reader Inquiry Service Cards 
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HEATING ELEMENT 


Heavy-duty electric heating element has 
a special construction consisting of an 
edgewise wound helix of resistance al- 
loy ribbon mounted on special seg- 
mented porcelain refractory sections 
and supported on an alloy core rod. 
The elements are available in a wide 
range of styles, open or enclosed, with 
standard or special electrical terminal 





arrangements. Open-type furnace and 
oven-heating elements are suitable for 
operating temperatures to 1900 F. Bay- 
onet type elements are useful for elee- 
trically heated radiant tubes. Open or 
enclosed electric units have radiant or 
forced convection heating applications 
and use in recirculating type heaters 
and furnaces and ovens. 

Immersion units can be furnished in 
straight or “over-the-side” tvpes with 
brass. steel. monel. or stainless jackets 
for operating temperatures up to 1 100 
F. The heaters can be furnished in all 
of the accepted nickel-chromium alloys 


- 
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How would you solve these tricky 


1. CONTROLLING HIGH FREQUENCY HEATING. In this vulcaniz- 
ing patch press, precise temperature control of the platens was 
required to prevent loss of electronic heat generated within the 
processed material. Fenwal’s solution was two THERMOSWITCH® 
units, set at 400F, mounted on the platens. Result: a production 
rate of 3,000 patches per hour, compared to ordinary hot press 
methods of. 30 per hour. 





3. PROTECTING PRODUCTS. In this shoe lining smoother, the 
problem was twofold: to use the fewest possible thermostats; 
provide close temperature control in order to prevent burning 
of shoe leather. Fenwal’s solution: a single adjustable THERMO- 
SWITCH unit, mounted on one ironer and controlling two ironers. 
This halved the number of thermostats indicated, while provid- 
ing precision temperature control. 
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temperature control problems? 


ei 














2. SAFETY IN A DISTILLING PROCESS called for a dependable 
failure alarm. A Fenwal THERMOSWITCH unit in the condenser’s 
safety vent solved the problem. Now, should the cold water 
supply fail, steam blowing through the condenser tubes will hit 
the THERMOSWITCH unit. This control, set at 120F, will then 
om shutting off the electric heaters and sounding a continuous 
alarm. 


4. SEND FOR NEW CATALOG, just off the press. It describes 
Fenwal’s complete line of THERMOSWITCH units and new indicat- 
ing controllers for industrial applications. Fenwal engineers are 
always glad to help on any of your temperature control prob- 
lems. Write Fenwal Incorporated, 111 Pleasant St., Ashland, 
Massachusetts. 


THERMOSWITCH’* 


Controls Temperature — Precisely 
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how important are 
these to you? 


Time? No other terminals are installed as rapidly as Sealectro self-fastening, 
self-sealing “Press-Fit” stand-offs, feed-thrus, connectors. And understandably so, 
because “Press-Fit” technic reflects years of specialized engineering 

in closest collaboration with designers and assemblers who want the best. 


ARNO IO EARN RI MY 


PRESS THEM — 
FORGET THEM 


SCORER 


Money? The original one-piece, ready-for-assembly 


Teflon terminals minimize labor and materials. 
No soldering, nuts, washers, gaskets. Just 


press-fit — that's it. 


and No Headaches? None. ‘‘Press-Fit” terminals 
are shatter-proof, heat-resistant, vibration-proof. 


Immune to humidity, wide temperature 
fungus, etc. 


range, 


FREE MANUAL! Tells all you want to know 


about ‘Press-Fit’’ terminals. Also lists the most extensive 


selection of types and sizes. Copy on request. 


’ 
on 
i 
cow 


CORPORATION 


186 UNION AVENUE e NEW ROCHELLE, N. Y 





TEFLON” 
TERMINALS 


*Trade-marks 


AY eres 





or in an jron-aluminum-chromium-cobalt 
Units be supplied 
singly or in groups, in any output rating 
required. The Trauwood Engineering 
(o.; 15320 Brookpark Rd., Cleveland. 
Ohio. 


Circle No. 65, Reader Inquiry Service Cards 
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composition, can 


RANGE AND 
POWER OUTLETS WITH 
SWING-AWAY TERMINALS 


Special swing-away terminals that fa- 
cilitate one-handed wiring and prevent 
the dropping and losing of parts have 
been introduced in two new range and 
outlets. By 


the clamping plate on these new termi- 


powel loosening a screw, 


nals can be swung out of the wiring 





groove, the wire placed in the groove 
the clamping plate returned, and_ the 
screw tightened to hold the wire firmly 
Model 3650 


range and 


receptacle, designed for 


cords, has a heavy 
steel back plate with knockouts for *4 
in... I'y conduit, and a 
built-in cable clamp tor back or bottom 


wiring. 


powell 


in. and in. 
Also available with swing-away 
terminals is a flush mounting range and 
Model 3651. This 
receptacle, like the surface mounting 
model. has CSA Approval No. 9998 (50 
amp. 250 volts). and is designed for j 
bin. or 4-11/16 in. square box. Circle 


F Co.. Trenton, N. J. 


Circle No. 66, Reader Inquiry Service Cards 
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powe! receptacle, 


MINIATURE FASTENERS 
sO ket 


with diameters 
No. 3. 


from 'y to '% in.; cap and set screws 


and set 
No. 0 


have lengths running 


Miniature hex cap 


screws. trom 
through 
both coarse and 


are manufactured in 


fine series. unified threads, except for 
No. 0 and No. 1 diameters, which are 
standard in the fine series only. 

The small serews find applications in 


control and operating mechanisms for 
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THIS G-E DESIGNED SELECTO-CHART, KEY TO THE NEW APPLICATION APPROACH, COMPUTES EXACT VAC-U-SEL RECTIFIER STACK YOU NEED. 


NEW G-E APPLICATION APPROACH CUTS DESIGN TIME... 


The Exact Vac-o=SeZ Rectifier You Need 
Can Now Be Chosen in Minutes . . . On-the-spot 


This new application approach, recently 
developed by General Electric, assures 
you of getting the correct Vac-u-Sel 
rectifier to meet your exact requirements. 
Now you are assured of getting the full 
advantage from the long life and out- 
standing technical characteristics inher- 
ent in all the many sizes and types of 
Vac-u-Sel rectifiers. In addition, in prac- 
tically all cases, the sales engineer can 
give you the exact identification and 
price of your stack on the spot, without 
the inconvenient delay involved in getting 
data from the factory. 


THIS NEW APPLICATION APPROACH 
brings top quality to your products by 
permitting complete and efficient utiliza- 
tion of the outstanding electrical charac- 
teristics, dependability, and predictable 
operation found in the many sizes, hous- 
ings, finishes, and ratings of Vac-u-Sel 
component rectifiers. 


FOR MORE INFORMATION on this new 


application approach, or the outstanding 
Vac-u-Sel line of rectifiers, contact your 
nearest G-E Apparatus Sales Office, or 
write Section 461-38, General Electric 
Co., Schenectady 5, N. Y. 





G-E SALES ENGINEERS are able to determine, 
on the spot, the exact Vac-u-Sel stack to suit 
your particular application. 


*Reg. Trade-mark of General Electric Co; 


GENERAL @@ ELECTRIC 
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Wire or 
Write 


to our 
Monessen, Pa., 
office 


Today 


TINNED 


ARMATURE BANDING WIRE 


Stainless or Carbon Steel 


STAINLESS 


Low permeability and high resistance for 
greatest efficiency. High tensile strength 
for compactness and neat appearance. 
Non-corrosive for everlasting life and 
safety. Cheaper than bronze on equal per- 
formance basis. 


CARBON STEEL 
For motors under 5 HP. Fine working 
characteristics. Wide variety of uses. 
Shipped on 50 to 200-pound reels 
Page Steel and Wire Division 


AMERICAN CHAIN & CABLE TT 
: RE yg 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., Witty 
San Francisco, Bridgeport, Conn. 





N eed H F: [|p See 


in designing coils! 


DELUXE COILS, Inc. 


1300 FIRST STREET 





Formvar 
Celenamel 
Thermaleze 
Alkanex 

TIT <tr 
Sodereze Q 
Bondeze 
Cement Coated 


Nylon 








Wabash, Indiana 





relays. computers and communications 
devices, meters, and other instruments 
and devices. Other applications include 
electron and X-ray tubes, where the 
miniature screws are used to hold 
filaments. 

Cap screws have knurled heads for 
easier handling, and are trimmed both 
on top and under the heads, for neater 
fit and better appearance. Allen Manu- 
facturing Co.. 133 Sheldon St.. Hartford 
>. Conn. 
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SEMIAUTOMATIC UN!T STRIPS 
INSULATED WIRE LEADS 


Weighing about 90 Ib and designed tor 


bench mounting. the Artos DBS No. 2 


wire stripper measures 19 in. wide, 
21). in. long. and Li in. high. It is 
powered bv a 1 y-hp. 1740-rpm motor. 
Stripping is accomplished by mean- of 


a cam and pin cluteh; the unit oper- 





ates mechanically. Gears are_ totally 
enclosed and run in oil. 

To strip any length of wire, one end 
is laid in a slot provided in the front 
guard. This trips a Micro Switch which 
then starts the stripping cycle. While 
stripping takes place. the Micro Switch 
is automatically moved away from the 
wire. allowing the stripped insulation to 
fall through an opening in the frame 
to be collected below. 

The stripping length is adjusted by 
a control knob on the side of the ma- 
chine. A scale graduated from 4g to °s 
in. indicates the stripping length de- 
-ired. The wire is tightly clamped while 
-tripping takes place. Wire gages from 
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* SERVO MOTORS * MOTOR GENERATORS « SYNCHRONOUS-HYSTERESIS MOTORS 


Write for literature and information! Use G-M charts and 
specifications to select the best values for the control 
phase of your servo motor. Whether you are designing 
a new system, or seeking better performance in an exist- 
ing system, let G-M help. 
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Let G-M supply the right motor to 
fit your system! By specializing in servo 
motors—not systems—G-M can offer you a 
broader range of sizes and characteristics. 
You choose from all the standard sizes . 
plus standard sizes specially modified to meet 
specific circuit requirements. Or, request a 
G-M tailor-made servo motor with the cor- 
rect combination of impedance, voltage and 
other values to meet your exact circuit re- 
quirements. You get the right motor—right 
on time—when youspecify G-M Servo Motors! 


L Servo Motors 


lolol ic to Mb MC Mell toa tm Obit io meli 


G-M LABORATORIES INC. 

















All wound up in wound cores? 


We can’t blame you, when there are 

so many claims being made by man- 

ufacturers regarding merits of their 
cores. 

Rather than add to this confusion 
of claims, here are just a few perti- 
nent facts that you should know about 
Thomas & Skinner OrthoSil tape 
wound cores. 

1. Made from OrthoSil, oriented sil- 
icon-iron. 

2. The high permeability with low 
core losses results in high effi- 
ciency cores. 

3. Made in 12 mil OrthoSil for 60- 
cycle applications. 


4. In 4 mil OrthoSil for 400-cycle 
and higher applications. 

5. All cores are magnetically in- 
spected at three flux densities .. . 
5,000, 10,000 and 15,000 gauss. 

6. Testing is based on minimum 
areas, using a 90% stacking factor 
for 4 mil 400 cycle applications— 
and a 95% stacking factor for 12 
mil 60-cycle usage. 

7. Immediate delivery. 

8. Complete engineering service 
available. 

For further facts on OrthoSil 
tape wound cores write direct to 

Thomas & Skinner today. 


SPECIALISTS IN MAGNETIC MATERIALS... 


a i AD 
Permanent Magnets \/) Laminations (~ || and Wound Cores Ly 





Thomas & Skinner,°inc. 


1114 East 23rd Street, Indianapolis 7, Ind. 
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Nos. 10 to 20 can be handled: 


leads are stripped at speeds up to 3000 


Wire 


The stripping complies with 
Government specifications. Artos Engi- 
neering Co., 2737 S. 28th St.. Milwaukee 
7. Wis. 
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per hr. 


CLASS B IMPREGNANT 
FOR SYNTHETIC 
ENAMELED WIRES 


Heat-reactive insulating varnish tor im- 
pregnating electrical coils for stationary 
and moving parts on Class B equip. 
ment is known as grade No. 99B. It may 
be applied by any of the commonly 
used dip methods. Xylol thinner may 
be used in any proportion without 
danger of precipitation. Dip tank. sta- 
bility 
tendency to gel. 


is said to be excellent, with no 


Completely heat-reactive, the varnish 
will cure to a firm, dry, tough mass 
in from 2 to 4 hr at 275-300 F. A 
further t hr at 355-365 F 
improves stabilizes the electrical 


cure of 2 to 
and 
properties including power factor, di- 
electric loss and high-temperature in- 
sulation resistance. Bonding strength 
and adhesion to enameled magnet wire 
additional 


are also increased by the 


cure. Thermal stability is so enhanced 
that 140 C operation is said to be pos- 
sible with most coils. Schenectady Var- 
nish Co., 200 Congress St., Schenectady 


me ee 
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FLEXIBLE BRASS CONDUIT 
FOR ELECTRIC CARTRIDGE 
HEATER LEADS 

Mechanical 
cartridge heater lead wires is provided 
flexible 


which 


protection for electric 


by a brass conduit lead-wire 


enclosure, offers 


positive 





abrasion, 
The 


conduit and fittings are firmly 


tection by shielding against 
flexing 
flexible 
attached to the cartridge sheath, cannot 
unaffected by op- 
available 
heaters in 


stress and moving parts. 


work loose. and are 


erating temperatures. It is 


on new electric cartridge 
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TAKE THESE LABELS 
OFF YOUR EQUIPMENT 





--- USE HEINEMANN 
CIRCUIT BREAKERS 


im- 
lary | 
uip- 
may 
only 
may 


: The “buyer beware” approach gets nowhere with 
1oOut 


good customers . .. or in promoting a good reputation. 
When a fuse blows there is more than a chance that 
it will be replaced with the wrong rating. When a 
Heinemann circuit breaker trips, there is never that 
chance. With just a flip of the handle, service is im- 
mediately restored. The rating is a permanent part 
of your equipment. 
Moreover, since Heinemann circuit breakers em- 
ploy a hydraulic-magnetic time delay principle, their 
sie rating is unaffected by ambient temperature. Hot or 
need cold, the rating is always the same. 
pos- Heinemann circuit breakers are available in odd 
bi and fractional ratings, with time delay characteristics 
to fit the particular needs of your equipment. 


sta- 





1 no 


nish 
nass 
me.’ 
5 F 
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 di- 
/ in. 
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1s 


ctr 
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-wire 
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Heinemann Type AM 


Circuit Breaker 


SION, 

The 
irmly 
innot 





\ Oop- 


lable HEINEMANN ELECTRIC COMPANY 
rs in 99 Plum Street, Trenton 2, N. J. 
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INTRODUCING 
NEW MINIATURE 
EC COAXIAL CONNECTOR 





HHB Miniature EC Coaxial 
Connector in mounted 
position on card. 


75 PRINTED CIRCUIT 








Every prospect and user of printed 
circuitry can rely upon the vast 
background of research and 
design-engineering experience of 

H. H. Buggie, Inc., regarding connectors 
for this specialized field. Since the 
introduction of printed and etched 
circuit methods, HHB personnel have 
worked closely with company engineers 
to develop connectors for special 
applications. 

‘Today these designs include latest 
engineering. advancements, such as the 
new HHB miniature connector for 
coaxial cable, fedtured above. 

If you are.a user of printed circuits, or 
contémplate the use of printed circuit 
designs in the future, H. H. Buggie, Inc., 
invites your inquiry regarding connector 
needs. 

Write— for HHB EC Series Printed 


Circuit Connector bulletin. 










Skilled in 
e RESEARCH ¢ DESIGN 
¢e ENGINEERING ¢« MANUFACTURING 


of Electronic Components and Connectors 


for Communications and Industry 


 H. H. BUGGIE, Inc. 


726 STANTON STREET TOLEDO 4, OHIO 


Sales-Engineers in All Principal Cities 





a full range of length and wattages 
for °s. 44, % and *4 in. diam he aters, 
Flexible conduit may be ordered with 
a straight connection to heater or with 
90 deg, right-angle fitting for use jn 
confined spaces. Units are marketed 
under the trade name  Chromalox. 
Edwin L. Wiegand Co.. 7500 Thomas 
Blvd.. Pittsburgh 8, Pa. 
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SELF-SOLDERING TERMINAL 
ATTACHING MACHINE 


Completely redesigned. Etco electric 
terminal attaching machine automati- 
cally crimps. solders and cuts off elec- 
tric terminals in one automatic opera- 
tion. Since solder is already on the Pat- 
ton-MacGuyer continuous strip used, 
there is no need for additional solder 
at time of application. 

Improvements include an in-line feed 
system to replace side-arm feed and 





permit precision flow of continuous strip 
terminals (furnished on — disposable 
reels). A new electric solenoid trip on 
air feed assures positive control; a 
thermostatically controlled heating ele- 
ment maintains constant results during 
variations in line voltage. Increased 
speed and ease of operation are said to 
result from foot-treadle control. The 
terminal attaching machines are sold 
outright with set of tools in die. set. 
Patton-MacGuyer Co.. 17 Virginia Ave.. 
Providence 5, R. Tf. 
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WHITEPRINT MACHINE FOR 
DIRECT COPIES UP TO 
42 IN. WIDE 


All-purpose whiteprint copying machine 
quickly makes direct copies of trans 
lucent engineering drawings and other 
records up to 42 in. wide, at synchro- 
nized printing and developing speeds 
up to 24 fpm. Called the Streamline! 
100, its electronic speed drive permits 
instant changes to any speed from 9 
in. to 24 fpm; a high-pressure, mercury 
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For extreme 


operating conditions 


CHECK YOUR FRACTIONAL H. P. 


| APPLICATIONS WITH 


a 


ere SF 





EXTREME COLD 


Have a difficult fractional 


not check w 


h.p. motor problem? 


Why ith fractional h.p. motor special- 
ists? Whether it be a problem of waterproofing, 
altitude, cold, heat, extreme quiet operation, long 
or other exacting conditions, Howard has the 


motor to fill your need. 


You'll find that Howard makes the most complete 
line of fractional h.p. motors in the entire in- 


lite 


SALES OFFICES: 208 S. La Salle St., Chicago 4 + 942 § 


mn, 


DIVISIONS: 
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La Brea Ave., Los Angeles 36 + Roc 


MOTOR 








EXTREME HEAT 


dustry— Universal, Direct Current, Shaded 
Pole, Induction and Servo Motor types as 


well as gear motors and blowers in ratings 
from 1/2000 to 1/2 h.p. 


If you use fractional h.p. motors in your products, 
be sure to check with Howard. Write, 
Racine 2-2731. 


DEPT. EM-11, HOWARD INDUSTRIES, INC. «+ 


wire or phone 





RACINE, WIS. 


n 4822, Empire State Bidg., New York f 


(ENO ELECTRIC MOTOR CORPORATION © CYCLOHM MOTOR CORPORATION (ei) RACINE ELECTRIC PRODUCTS 


255 











© WEREUIABILITY~ 


CERAMICONS: 


are better than 
99.99% dependable 





{ 
j 
} 
' 














APPLICATIONS 
FOR HI-RELIABILITY 
CERAMICONS 





@ Guided Missiles 
@ Military and Civilian 
Communications 


@ Scientific and Business 
Computers 


@ Industrial Controls 
© Aviation Equipment 





© Radar Equipment 


ERIE has met the demands for capacitors 
that set new records for reliability. The new 
“HR” line of HI-RELIABILITY CERAM- 
ICONS has established a failure rate approxi- 
mating zero—approaching only 1/100 of 1 
per cent! 

This “HR” Premium Line includes Tem- 
perature Compensating and Hi-K Types in 
both Disc and Tubular Ceramicon Styles. It 
has been designed for manufacturers of highly 
complex military and commercial electronic 
equipment where continuous operation is 
essential. 

Produced of the very best material, under 
ideal conditions, and thoroughly tested to 
insure the required reliability, these Custom 
Designed Ceramic Capacitors offer: 

@ Extreme moisture resistance 

@ Stability maintained throughout life 
@ Unequalled low failure rate 

@ Remarkable performance at 125°C 

Because these capacitors are Custom 
Designed and Specially Manufactured, ERIE 
is able to offer a wide variety of designs tai- 
lored to meet your particular reliability prob- 
lem. Complete description and specifications 
are available in Bulletin 448. Write regarding 
your needs for Hi-Reliability Ceramicons. 


And Now ERIE Hi-Reliability 
Button’ Mica Capacitors 


- 
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The wide acceptance of ERIE ‘HR’ 
Hi-Reliability Disc and Tubular Ce- 
ramicons prompted ERIE to develop a 
line of Hi-Reliability Button Mica 
Capacitors. Erie Engineers are avail- 
able to work with you on any specific 
Hi-Reliability program. 


ERIE ELECTRONICS DIVISION 


ERIE RESISTOR CORPORATION 
Main Offices and Factories: ERIE, PA. 


Manufacturing Subsidiaries 
HOLLY SPRINGS, MISSISSIPP! * LONDON, ENGLAND * TRENTON, ONTARIO 































vapor jacketed lamp and balanced cool- 
ing system provide uniform border-to. 
border print exposure. 

The dry-developing section features a 
jet-type atomizer which forces ammonia 
into the pressurized vapor tank, assur- 
ing uniform and complete development 
at any speed. Automatic controls 1egu- 
late vapor circulation with machine 
speed, and a manually operated auxil- 
lary control provides development of all 
types of sensitized materials. 


Model 400 


servicing. The 


requires a minimum of 
outside of the cylinder 
can be cleaned in seconds simply by 
sliding out the tracing receiving tray 
and light shield. Ozalid, Div. of General 
Aniline & Film Corp., City, 
Mm. i. 


Circle No. 72, Reader Inquiry Service Cards 
preceding back cover 


Johnson 


HEAVY-DUTY SOLDERING 
GUN 


Heavy-duty 200-watt, soldering gun 
comes up to working heat in less than 
5 Features include: 


5 sec. silver-plated 
tip and connectors: 


an extra-rigid (but 
steel 


removable) tip: a heavy-gage 





= 
= 
=~ 
= 
= 


nose: and a built-in spotlight angled 


to throw shadowless light on the work 
area. Weight is 214 Ib. 

While the heavy-duty 
the design of the tip makes it suitable 
for light-duty required: 
110-120 volt. 60 cycle a-c, max. 
Its 6-ft Prenex cord and molded plug 
have Undewriters’ Laboratories listing. 
Overall height, 614 in.; overall length 
without tip, 415 in., (9 in. with tip). 
Wen Products. Inc.. 5804 Northwest 
Highway. Chicago 31, Ill. 


Circle No. 73, Reader Inquiry Service Cards 
preceding back cover 


gun is a unit. 


Power 


2 amps. 


work. 
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It takes a unique combination of modern production 
facilities, rigid quality control techniques and skilled 
workers to make consistently top quality magnet 
wire.,.and General Cable has it! That’s why General 
Cable magnet wire is noted throughout industry for 
its extraordinary uniformity...providing the ulti- 
mate in high level performance. 

Important, too, General Cable can always supply 
you with exactly the magnet wire you want... when 
you want it! They make every type, shape and size: 


HE GREATEST NAME IN ELECTRICAL WIRE AND CABLE 


Modern methods assure product uniformity. 


Formvar, Plain Enamel, Nylon Enamel, Silicone, 
and other synthetic enamels, with light, intermedi- 
ate or heavy coatings. 

Cotton, Paper, Silk, Nylon, Glass and Special High 
Temperature Covering with single and double wrap- 
pings, similar and dissimilar materials. 

Plus bonded paper and glass, or other specialized 
types. You name it and General Cable makes it... 
and makes it right! So look to General Cable for all 
your electrical wire and cable needs! 


GENERAL CABLE 


CORPORATION 





BARE, WEATHERPROOF, INSULATED WIRES ond 
CABLES FOR EVERY ELECTRICAL PURPOSE 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


GENERAL CABLE CORPORATION 
Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta e Baltimore e Boston e Buffalo 
Chicago e Cincinnati e Cleveland e Dallas e Dayton e Denver 
Detroit e Erie (Pa.) e Greensboro (N.C.) e Houston 


Indianapolis e Kansas City e Lincoln (Neb.) e Los Angeles 
Memphis e Milwaukee e Minneapolis e New Haven e New 
Orleans e Newark (N. J.) e New York e Philadelphia 
Pittsburgh e Portland (Ore.) e Richmond ( Va.) e Rochester 
(N.Y.) e¢ Rome (N. Y.) e St. Louis e San Francisco 
Seattle e Springfield (Ill.) e Syracuse e Tampa e Tulsa 
Washington (D. C.) 
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CONTROLLED POWER FOR 
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MODEL MA2850 






MODEL MA640 


RUGGED + ACCURATE + TUBELESS 


MAGNETIC AMPLIFIER DC SOURCES 


(MA-NOBATRONS*) 


Sorensen MA-NOBATRONS* have been designed for industrial 
applications and unattended installations where the utmost in 
maintenance-free service is required. 


S &-8'¢ :@ 627.4 O.m.s 


MODEL MA65 MODEL MA 640 MODEL MA 2850 





INPUT 105-125VAC, 10), 60 cycles 190-230VAC, 30), 


60 cycles 4-wire wye. 





OUTPUT 6VDC, adj. +10% 4.5-7.7VDC, adj. 


23-32VDC, adj. 





LOAD RANGE 0-5 amperes 0-40 amperes 0-50 amperes 





REGULATION +1.0% for any combination of line and load conditions 


RECOVERY TIME 0.15 seconds under 
worst conditions 


0.2 seconds under 
worst conditions 


0.5 seconds under 
worst conditions 


Contact your local Sorensen representative, or write for further information. If you 
have special requirements in magnetic amplifier DC sources, write or call the Appli- 


cations Engineering Department, and your problem will receive prompt attention. 


SORENSEN & COMPANY, INC. * 375 FAIRFIELD AVE., STAMFORD, CONN. 


*Reg. U.S. Pat. Off 





SORENSEN 


MODEL MA65 









RESEARCH AND INDUSTRY 





Laboratory 


and 


Engineering 
Equipment 





POWER SUPPLY TEST SET 


Power supply test set includes a Model 
901 Power Supply Regulation Analyzer, 
Model 910 Power Supply Variable 
Load. Model 920 Line Voltage Adjuster, 
and a_ recording potentiometer. The 
Regulation Analyzer is designed to 
measure an applied d-c voltage to 0.1 
per cent. the percentage change in the 
applied d-c voltage. and the rms ripple 
on the applied d-c voltage of regulated 
and unregulated power sources. D-c 





voltage test range is 1.018 to 1112 volts. 
Three ranges are provided for measur- 
ing per cent regulation from 0.002 to 10 
per cent. Eleven ranges for measuring 
rms ripple are provided: 0-1, 5, 10, 50, 
100, 500 millivolts and 0-1, 5, 10. 50, 
100 volts. 

Model 910 variable load consists of 
an electronic and a resistor load. The 
electronic load covers the range from 60- 
600 volts from 0-600 ma. The resistor 
load covers the range from 0-100 volts, 
0-600 ma. Provision is made for auto- 
matically modulating either the resistor 
load or the electronic load 10 sec on and 
10 see off. The electronic load can be 
internally modulated with a 60-cycle 
square wave, or externally modulated 
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CUSTOM-MADE 
RF NOISE FILTERS 
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[-« EXACTING REQUIREMENTS 
SURPASS YOUR . 

PN Cte) Ma LC) Noise Suppression SAE nee) Sa MIL-1-6181B 

completely new concept in engineering and production oe NE 

ESTA C1 eMedTV 0M CL MOLLE - ' 

designed and manufactured to enable your equipment to a oe 

exceed all performance requirements UNDER SPECIFICATION ee 

MIL-1-8161B .. . filters that cost less because they’re an A 

SCM mM ME UE Cme em CL ale ¥ os é a 

LMR ALR OM LLL ame Lae Leh oe 

limited space, high temperature, shock, vibration and the like 


Elem TSO) eM UE MS COU LCL ete : : 
: , i For Airborne applications 
NLM Teel) amc LMURSUE lid Ullman cr Le(ee 


Atm ULM) OMELET MSE) 9) OCU) ) (Ld SCO 
ole CMU ALIN Meh A OL-1M Tn Tecle mm lene L ame LUe |e) DeLee) 
developing and producing the correct solution... one that 
will permit your equipment to comply with all applicable 
government specifications. 


Rule out unnecessary expense and time loss, get full details 
about this new ‘‘Packaged’’ RF Noise Suppression Service 
volts. ee ACT am LT Mn r-Te ee) ae CMO MANRS TCL -MOl am eT LLY 


asur- direct — please mention your specific requirement. 
to 10 


uring 
50, 
) . ae 


For Radar and all other applications 
{ i where RF noise is a problem 
2 ' 


The 

m 60- 

sistor 9 7. e ee ee edt 
volts, oe ee ee ce 

auto- : 


‘sistor 


nand | : 255 GRANT AVENUE, E. NEWARK. N. J. (an 


an be 
| Export Division: Rocke International Corp. 13 E. 40 St., N. Y.,N.Y 
-<¢“vcle 


i ited In Canada: Charles W. Pointon§ 6 Alcina Ave., Toronto 10, Ontario 
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LAMP BULBS 


STANDARD 


AIRCRAFT 
APPLIANCE 
ANNUNCIATOR 
AUTOMOTIVE 
COIN MACHINE 
FLASH LIGHT 
INDICATOR 
PHOTO-ELECTRIC 
RADIO & TV DIAL 
SIGN & SIGNAL 
SURGICAL & 
OPTICAL 


Natural 
Frosted 


-070 in. OD 
fo 
5.00 in. OD 


write to 


te Le a3 


LAMP WORKS 
1504 N. OGDEN AVENUE 
CHICAGO 10, ILL. 
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with a voltage wave of any shape or 
frequency. 

Model 920 Line Voltage Adjuster 
makes possible adjustment of the line 
voltage from 95 to 135 volts a-c for any 
fixed input voltage from 95 to 135 volts 
a-c. Capacity of this unit is 3 kva. At 
any fixed output voltage setting the 
output voltage can be decreased manu- 
ally or automatically as a step function 
from 0 to 40 volts. A recording poten- 
tiometer is included for measuring reg- 
ulation and_ stability characteristics. 
Kepco Laboratories, 131-38 Sanford 
Ave., Flushing 55, N. Y. 


Circle No. 74, Reader Inquiry Service Cards 
preceding back cover 


COIL TESTER 

Designed for testing field coils, arma- 
ture coils. transformer coils, solenoids, 
and similar components, Model 55 coil 
tester detects shorts on one or more 





turns, detects opens, and shows number 
of turns in a coil from 10 to 3000. 
Minimum coil opening: 25% in. x 3 
in. or 3% in. diam. Maximum coil 
height. 6 in. Operates on 115-volt 60- 
cycles. Transformer base size: 12 in. 
x 24 in. The Martindale Electric Co.. 
1381 Hird Ave., Cleveland 7, Ohio. 


Circle No. 75, Reader Inquiry Service Cards 
preceding back cover 


THREE-CHANNEL TRANSISTOR 
POWER SUPPLY 


Laboratory power source is especially 
intended for use in transistor circuit de- 
velopment. Completely tubeless, the 
supply provides three entirely independ- 





ent “floating” output voltages, each well 
regulated against line or load changes. 
Exceptionally low ripple and internal 
impedance simulate battery conditions 
without the expense and inconvenience 
of batteries. 

Each of the three channels is con 
tinuously adjustable from 0-50 volts 


IN ALL JAN SIZES 
ALL-ANGL 
Tea MULES 


Built to handle the new jobs — too 
tough for MIL-standard mounts — 
the complete ALL-ANGL line lets 
you choose the JAN size best suited 
to your needs —for sure protection 
against shock and high-frequency vi- 
bration in all directions. 


Complete information about ALL- 
ANGL Barry Mounts is given in our 
free engineering data sheets. You'll 
find load-deflection curves, transmis- 
sibility curves, load-versus-natural- 
frequency curves, and tables of load 
ranges —for practical solutions to 
the shock and vibration problems you 
meet in designing for jets and missiles. 





Now 
Available 





Miniature ALL- 
ANGL mounts, JAN-size 0, for loads 
up to 3 pounds per isolator. Data 
Sheet #455 gives dimensions and per- 
formance curves that show how you 
can use these Barry Mounts. 










Ready 
Dec. 1, 
1955 


, JAN-size 
1 ALL-ANGL mounts for loads from 
1 to 10 pounds per isolator. Data 
Sheet #1255 giving details of load 
ratings, dimensions, and performance 
curves also available December 1. 


Ready 
. Feb.!1, 
| 1956 





~ eae JAN-size 
2 ALL-ANGL mounts for loads from 
2% to 40 pounds per isolator. Data 
Sheet #256 will be available Feb. 1 
with load, dimension, and perform- 
ance data. 
Write us today — we'll send the first 
data sheet at once and the others as 
soon as they are printed. 


When your problem is protection thru all 
flight attitudes, your answer is the ALL-ANGL. 
For recommendations, call your 
Barry Sales Representative. 


BARRY CONTROLS 


INCORPORATED 


708 Pleasant St. Watertown, Mass. 


e . 
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the NEW L.A. Zine 


MP gee oF TW My ae 
and exploston-proof motor BUY 
| ~ 


BOT PM ait es 


This is the completely new L.A. totally enclosed fan-cooled and 
explosion-proof motor. Every feature in this new line is designed 
for easier installation, longer service life, less maintenance and 
attention. You get the full benefit of the new NEMA standards in 
a smaller, more functional, completely modern design. 


Your nearby Louis Allis Sales Engineer can show you all the 
reasons why these motors perform better and longer on your tough 
jobs — why they give you maximum resistance to corrosion wher- 
ever you need this extra protection. Call him today. 


>; THE LOUIS ALLIS CO. ll 


MILWAUKEE 7, WISCONSIN ae 
. 


Sri 1 Mm ta 
| eM Meld 


We specialize in SPECIAL MOTORS — | 
and PROMPT DELIVERY, TOO | 






1 Fan — efficient, non-spark- 
ing fan. New aerodynamic 
design for more effective cooling. 


2 Inner bearing cartridges 
— lock bearings to end 

bracket and form explosion- 

quenching seal along shaft. 


Indestructable cast-alu- 

minum rotor—dynamical- 
ly balanced with fan for smooth, 
quiet operation. 


Stator — prewound stator 

core utilizes Formvar wire 
insulated with a new Alkyd As- 
phalt Resin insulating varnish. 


5 End bracket and housing 

—heavy cast iron for great- 

er rigidity and resistance to cor- 
rosion. 


Locked bearing — an 

extra-quality feature. Inner 
race locked to shaft — outer race 
to end bracket. Limits end play 
— positions rotor. 


Modern styling 

— a motor with 
pleasing, modern lines 
that add to the ap- 
pearance of your 
product or plant. 


7 Large grease chamber 
— factory lubricated for 
years of attention-free service. 


8 Rotating labyrinth seals 
— keep dirt and moisture 
out of bearings — grease in. 


9 Knock-off lugs — permit 
easy disassembly of motor. 


10 Lead identification— per- 
manent, positive lead iden- 
tification spacer in conduit box, 


11 New split conduit box 

— rugged cast-iron conduit 
box diagonally split for easy con- 
nection. 





NEMA D-flange motor 
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First used and overwhelmingly ap- 
proved in the telephone industry, 
the KELLOGG Crossbar is one of 
the most versatile switch devices 
yet developed for industrial use. 
Simple in its operation — dur- 
able and dependable — it solves 
hundreds of multiple or complex 
switching problems at small cost. 


It does away with the limitations 
inherent in relay trees. It provides 
connections as low as 25 to 30 
milli-seconds for one or many 
input circuits to one or many out- 
put circuits. With Crossbar several 
switching operations may be done 











xauoce CROSSBAR = 


at the same time—any circuit may 
be held while other circuits are 
switched. Because Crossbar switch 
points move only a few thousandths 
of an inch, wear and maintenance 
are practically eliminated. Con- 
tacts are of paladium metal; gold 
can be provided. 


The entire switch may be drawer 
mounted for easy inspection with- 
out disrupting service. The only 
wiring normally needed is to con- 
nect the input and output circuits. 
Shown below are the various types 
of electrical connections possible 
with KELLOGG Crossbar. 


Drawing No. 1 illustrates the basic Cross- 
bar principle which permits any of sev- 
eral incoming circuits to be connected to 
any of several output circuits. This type 
of switch can connect any of 60 circuits, 
3 at a time, to any of 75. 
















Drawing No. 2 shows a means of switch- 
5 ing one incoming circuit to many pos- 

sible outgoing circuits—accomplished by 
removing every other vertical. Thus, in- 
stead of having one cable terminal at 
one end of the switch, each remaining 
vertical has its own cable connection. 
This type of switch can easily be adapted 
to switch one circuit to any of 936. 


Write For This 
Free, Fact-Filled 
Booklet Today 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY —— 
A Division of International Telephone and Telegraph Corporation 
SALES OFFICES: 79 West Monroe Street, Chicago 3, Illinois Dept. 70-J 
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at 0-10 ma, with less than | mv of ripple, 
and 0.5 per cent absolute regulation at 
50 volts. Higher current models are 
available, up to 1 amp. 

The tubeless “semi-regulated” design 
(which does not employ mag-amp or 
saturable reactor techniques) leads to 
component economy. Dual range voltage 
and current meters provided for each 
channel. Unit. Model CS-3667. is en- 
closed in a bench-mounted steel cabinet. 
but is also available for rack mounting. 
NJE Corp., 345 Carnegie Ave.. Kenil- 
worth, N.J. 


Circle No. 76, Reader Inquiry Service Cards 
preceding back cover 


DIGITAL VOLTMETER 


Sensitivity of Type 33-110 SADIC 
digital voltmeter is such that 10 my 
provides full-scale digital output (999), 
Controls permit selection of any voltage 
in either of two ranges (10-25 and 
20-50 mv) for full-scale readout. Digital 
output appears on an illuminated panel 
for visual readings. and is also avail- 
able through contact closures repre- 
senting three decimal digits. Output 





may be used for operation of automatic 
typewriters, card punches, and_ tape 
punches. Instrument operates on 115- 
velt, 60-cycle a-c. 

Input signals to Model 33-110 must 
be quasi-static in nature——that is. thes 
must remain constant long enough for 
the SADIC to attain balance. Strain 
gages, pressure pickups, load cells, posi- 
tion-measuring potentiometers, thermo- 
couples, analog computers, and mass 
spectrometers are typical devices which 
may provide this type of signal. 

This analog-to-digital converter oper- 
ates on the self-balancing Thomson- 
Varley potentiometer principle and has 
1000 discrete balance positions. It at- 
tains balance in 0.8 sec. max. Dimen- 
sions: approximately 9'4 x 10 x 18% 
in. Two will fit side by side in a stand- 
ard rack. Model 33-110 is also available 
with a drawer-slide mounting for use 
in data-processing systems. Consolidated 
Engineering Corp., 300 N. Sierra Madre 
Villa, Pasadena 15. Calif. 

Circle No. 77, Reader Inquiry Sesvice Cards 

preceding back coves 
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ITEMS LIKE THESE AVAILABLE AT 


WAREHOUSES! 





INDUSTRIAL WIRE CLOTH 


BRASS or COPPER BRASS, COPPER, BRONZE SOLDERING COPPERS 
RIVETS and WASHERS COTTER PINS 





BRASS STRAINER CLOTH 


ee BRASS ESCUTCHEON PINS 
SOLID or CORED BEARING BRONZE 





Ross US FOR ANYTHING from Bearing 
Bronze Bars to Brass or Bronze Bolts...or 
other fastenings like those shown here for 


maintenance, repair, operating or production. 





seealitiidinen BRASS or BRONZE Twenty-five Chase warehouses are located 


BOLTS and NUTS ; cat . 
ASTOMOTIVE FITTENES . in major industrial centers from coast to 


coast. Phone the one nearest you. We can 


usually fill your orders from stock. 


NEW! Chase's informative rod and wire movie: 
“IN THE CHIPS.” Arrange for a free loan of this film 
by contacting the Chase warehouse or sales office 


B R A S S & Cc oO P P E R Cc O ° near you. Write on your company letterhead, today! 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 





The Nation’s Headquarters for Brass & Copper 
Atlanta Baltimore Boston Charlottet Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapidst Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans NewYork Philadelphia Pittsburgh Providence Rochester+ St.Louis San Francisco Seattle Waterbury (7 sales office only) 
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on drums having as few as 
30 channels or as many as 
several hundred. Simple De- 
; sign—Flexible Operation— 
if Low Noise—High Voltage 
’ Insulation. Moisture Proof 
4 unit completely encapsulated. 
i 


BY CHARACTERISTICS 

' Recording System; Non-return to ; 
zero. Drum Speed; 2300 in.per sec. //)/ 
Writing Current; 70 ma. Cell i 
Density; 100 bits per in. Head to j 
Drum Spacing; .001 inch. Drum j 
: Coating: Red oxide, .001 in. thick. 7 
a. 4 Output; 1 volt peak to peak j 
. % Track Width; .125 in. / 
\ Core Width; .090 in. 















i 


The performance 
characteristics of 
Model MH15A can 
be incorporated in 
the MH10A case 
if desired. 


LIBRASCOPE 


READ -RECORD 
HEADS 


Specifically Designed for Reading or 
Recording on Magnetic Drum Memory Systems 


ateenetee. 





MODEL MHI0A Designed for %* 
use with an eccentric for 
radial position adjustment in 
relation to the drum. Low 
write current. High readback 
voltage. 2 piece sintered fer- 
rite core. Potted. Dimension- 
ally stable. 





CHARACTERISTICS 
Recording System; Non-return to 
zero. Drum Speed; 1200 in. per 
sec. Writing Current; 20 ma. Cell 
Density; 100 bits per in. Head to 
Drum Spacing; .001 in. Drum Coat- 
ing; Red oxide .001 in. thick. 
Output; 0.5 volt peak to peak. 
Track Width; .062 in 
Core Width; .040 in. 
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Other models available... 
write for brochure. 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
808 WESTERN AVENUE ¢ GLENDALE, CALIFORNIA 
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Literature for the Design Engineer 


Digest of manufacturers’ new literature relating to compo- 
nents and materials for designed-in use in electrically oper- 


ated end products. 


. . Checked as to date and previous 


publication in ELECTRICAL MANUFACTURING. 





SILICON CRYSTAL DIODES 
data sheets provide specifications and 
recommended 


Series of 
applications for eight 
new silicon crystal diodes completing 
a line of 12 hermetically sealed models 
having peak voltage ratings 
from 3 to 225 volts. Four of the eight 
new units are designed for use as volt- 


inverse 


age references or regulators at voltages 


ranging from 3 to 11 volts. Ambient 
temperature range extends from 55 


to 150 C. Raytheon Manufacturing Co. 


Circle No. 121, Reader Inquiry Service Cards 
preceding back cover 


SEMI-PRECISION 
Adaptable to shaft 
in diam, semi-precision ball bearings 
described in a 


BALL BEARINGS— 


izes up to %% in. 


l-page brochure are 
available in both standard and sealed 
models. Their design is said to permit 
quick 


assembly into any 


stamping, 
panel, molded product or similar part. 
Freeway Washer & Stamping Co. 


Circle No. 122, Reader Inquiry Service Cards 


preceding back cover 


HIGH-STRENGTH STEEL BAR—New 
Fatigue-Proof steel bar, described in a 
24-page brochure, is said to have the 
in-the-bar properties usually associated 
only with heat-treated steel parts plus 
greatly improved machinability. Tensile 
strength is in the range of 140,000 to 
150,000 psi, with a hardness, related 
to this strength level. of approximately 
Re 30. Property 
LaSalle Steel Co. 


Circle No. 123, Reader Inquiry Service Cards 
preceding back cover 


tables are included. 


VACUUM TUBE VOLTMETERS—Fight- 
page brochure describes outstanding 
features of extended-range Type 800A 
and 800B vacuum tube voltmeters. In 
an accompanying laboratory report, No. 
16, design considerations are treated 
in a paper entitled “Basic Theory of 
the Type 300A Vacuum Tube Volt- 
meter.” Technology Instrument Corp. 


Circle No. 124, Reader Inquiry Service Cards 
preceding back cover 


NYLON MOLDING COMPOUNDS; 
POLYETHYLENE LUBRICANTS— Mold- 
ing characteristics and physical proper- 
ties of two new nylon molding com- 
pounds, 8200 and 8201, made from a 
new type of nylon, together with an 


analysis of new polyethylene lubricants, 
are presented in a 4-page illustrated 
folder. Data provided includes tables 
and charts, as well as suggested appli- 
cations. Barrett Div.. Allied Chemical 
& Dye Corp. 


Circle No. 125, Reader Inquiry Service Cards 
preceding back cover 
CAPACITORS FOR 165 C- Series XC 
plastics film dielectric capacitors which 
have an operating temperature range 
165 C, 
brochure 


from 65 to are described in 
an illustrated 


their 


pointing out 


high insulation resistance. low 
power factor, and low dielectric absorp- 


tion. sealed 


hermetically 
and 


stvles are 


Units are 


cased. 


The 


(glass to metal) tubular 


Other 
Gudeman Co. 


case available. 


Circle No. 126, Reader Inquiry Service Cards 
preceding back cover 


TOROIDAL COIL WINDING MACHINE 

Four-page folder describes a portable 
toroidal coil winding machine that ae- 
commodates a range of wire sizes from 
AWG 26 to 44, and winds at speeds 
up to 1500 turns per min. Arnold Mag- 
netics Co. 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC STARTERS —Complete line 
of magnetic starters for air condition- 


ing and refrigeration equipment is 
described in 8-page publication GEA- 
6301. Data covers features, ratings, and 
dimensions. Included are wiring dia- 
grams, catalog numbers and _installa- 
tion requirements. General Electric Co. 
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ELECTRIC HEATING ELEMENTS —Tu- 
bular, strip. water and oil immersion 
types of electrical heating elements are 
among the units described in a 24-page 
booklet illustrated with photographs 
and selection charts. Data are provided 
on both standard and custom-made de- 
signs. Domestic water-heater elements 
are included. Cutler-Hammer Inc. 


Circle No. 129, Reader Inquiry Service Cards 
preceding back cover 


JUNCTION TRANSISTORS “Theory 
and Application of Junction Transist- 
ors” is an bulletin providing 
useful information under such headings 
as: General Principles; Theory of Op- 
eration; Characteristics; 


8-page 


Transistors 
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motor...contact DOERR 


when you need a 
Over 95% of Doerr’s production consists of motors with on ore special features 
NEMA ratings, every motor 


standard 
the highest standards of 


r’s long and specialized ex- 
ecision-built to 


ve your problems. List your pr 
Then let Doerr prove how quality. 

lect and receive on-time de- Discover now why leading machinery 

livery of motors that exactly fill your need. builders consistently re-order Doerr Mo- 

just write or call us 


Special features and modifications of all tors. Before you buy, 
lable. Present castings, wind- in for a talk. More than likely we can fur- 


gs can be adapted to solve nish the top-quality power package you 


at minimum cost. In 
s a complete line of 


— Rely on Doer 
perience to sol 
specifications. 
easy it is to se 


types are aval 
ings and mountin 
new design problems 

addition, Doerr make 


want. 
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Hes, & . 
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Gearmotor for agi 
; agitator dri 
bulk milk cool ue ee ; 
er. Stainl Special di 
shaft. Leak-proof seal. ess steel rosea eee motor parts for 
io S80 ary oil burners. Range 1/2 re machine motor. Low conto 
* ig torques—pleasin satin 
g appearance. 





Doerr motor with i 
special mounti 
seniialk dani: - Kaye unting . : 
saw. eading 10” tilting arbor recta dairy pump moter . 
“tepals to customer's spec- Special pump bracket eliminat 
: mounting and ali rented 
Saves space and ae, spies 


Special and standard You 


electric motors from 


1/30 to 5 HP re 
ima that ex- Write for New Bulleti DOER 
et your needs. on Electric Motors ~ 
Without Obligation ) ra ait) Corporation 


CEDARBURG, WISCONSIN 
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The miniature relays used for guided 
missiles may function many times... 
or only once. But performance must 
be perfect! 

To meet this “super” reliability de- 
mand, our engineers went to work on 
our 4PDT gold-alloy-contact, flange- 
mounted relay which was already tops 
in its field. They came up with a 
special design that will take more vi- 
bration and shock than any miniature 
relay we have ever offered. It has 
withstood vibration tests over 2000 
cycles at 25G’s and shock tests in ex- 
cess of 50G’s . . . and still maintained 
continuous contact reliability! 

To meet particular customer re- 
quirements each relay can be sub- 
jected to thousands of operations un- 
der his exact circuit conditions. Only 
those relays which pass this test would 
be selected for shipment. This same 
run-in service is available to you 
where utmost reliability is necessary. 


can't beat 


this New relay for 





This addition to our standard 
UNION Miniature Relays is available 
in 4PDT only, with either gold alloy 
or palladium contacts. It meets or ex- 
ceeds all requirements of MIL-R 


For complete information on this 
relay (Piece No. 326638), call our 
nearest sales representative listed be 
low, or write for literature. 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


Division of Westinghouse Air Brake Company 


Pittsburgh 18 SN Pennsylvania 


NEW YORK, IVanhoe 3-2424 (Hempstead) BOSTON (Ashland) TRinity 2-4485 BALTIMORE, VAlley 5-3431 ST.LOUIS, JEfferson 5-7300 
CHICAGO, LOngbeach 1-3042 LONDON, OHIO, LOndon 1555 LOS ANGELES, VAndyke 8731 
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Circuits and Measuring; and Power 
Gain Measurement. A bibliography and 
many schematic circuit diagrams are 
included. Motorola Ine. 
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INDEX OF TECHNICAL LITERATURE 

Bulletin 100-D is an index of literature 
released by manufacturer's Industrial 
Division. Classified in three indexes 

general subject. product. and industry 
bulletins, 
specification sheets. data sheets, and 


are listings of catalogs. 


articles from external house organ. 
Industrial Div. 
Minneapolis-Honeywell Regulator Co. 


“Instrumentation.” 
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SATURABLE REACTORS 


application of saturable reactors as 


Theory and 


control equipment for individual power 
loads are described in 8-page publica- 
tion GEA-6354. 
include control of electrically heated 


General applications 


equipment, automatic temperature. sta- 
bilization. reduced - voltage motor 
starting. as well as control of milk 
pasteurizers and X-ray 
General Electric Lo. 


equipment 
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VACUUM-MELTED METALS AND AL- 
LOYS——Both general information and 
technical data.on vacuum-melted metals 
and alloys are included in 23-page 
Publication VM-101. Reviewed are the 
effects of vacuum melting on properties 
of various metallic materials. benefits 
of the process to the user. and fabricat- 
ing and machining recommendations. 
Also included are engineering data on 
two new vacuum melted high-tempera- 
ture alloys now in commercial produce 
tion. Carboloy Dept. of General Electric 
Co, 
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PLASTICS FABRICATION HOUSE OR- 
GAN—New periodical, “Bakelite Ex- 
truderitems.” provides information on 
the contour extrusion and vacuum 
forming a_ vinyl. polyethylene and 
styrene. The first issue, devoted specifi 
cally to Bakelite high-impact styrene 
TGD-5001, describes various mechan- 
ical properties of the material and offers 
extrusion and vacuum-forming — tech- 
nique suggestions. Bakelite Co.. Div. 
of Union Carbide and Carbon Corp. 
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RESISTORS—Series of new bulletins 
providing specification and application 
data on a variety of resistors, includes 
Bulletin P-2a, devoted to two high- 
temperature resistors rated at 7 watts 
and 10 watts, respectively. Bulletin 


NOVEMBER 1955 ELECTRICAL MANUFACTURING 


or 


>v 


NOW AVAILABLE 


Electrix Terminals for Molded or Separable Plugs 
Engineered for Uniform Assembly — 
and Greater Holding Power’ 





New Electrix Terminals are designed and engineered for 
greater holding power — are specifically made and tested 
to pass rigid weight and heat rise tests and to meet all other 
rigid requirements. 


Strict quality control standards assure uniform tolerances 
especially at the critical point where blade is crimped to wire. 


Automatic Electric Crimping Presses Available With All 
of Our Terminals 


Illustrated are a few of the standard Electrix 
terminal designs. Consult Electrix Corporation for 
specific terminal requirements. 


WRITE FOR SAMPLES AND PRICES 


Electrix Corporation cer 'eno 
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* Manufactured To Meet UL Requirements 













































P-la covers a 4-watt high-temperature 


LD MCLE TRL MTEL harasses of Type HF hgh 
Th TTC Wound PA ee a '* 4 TU a 7 S so se ct - provided. Inter. 
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SQUARE, RECTANGULAR, ROUND RERATED DRIP-PROOF AND FAN. 


Standard-type PARAMOUNT paper tubes used COOLED MOTORS 
for millions of coil forms and other applica- om ; t dri ore 
tions. Hi-Dielectric. Hi-Strength. Kraft, Fish away views of drip-proof motors and 
Paper, Red Rope, Acetate, or any combination fan-cooled motors in rerated NEMA 
— a ene =. a os — frame dimensions, illustrated brochure 
2" to ong, from . to .P. Pro- 
duced from wide range of stock arbors or li ‘lable j :; 1 . 
specially engineered for you. ine available in ratings from 4% to 744 


Complete with cut- 


describes design features of a motor 


hp. Delco Products Div. of General 

NEW "'PARAFORMED”’ TUBES meee — 
SQUARE OR RECTANGULAR tae 

Entirely new technique in tube making de- 
veloped and perfected by PAKAMOUNT. WIRING DEVICES, ELECTRICAL SPE- 
Perfectly flat side walls, sharp square inside 3 
corners, and very small radius on the four out- CIALTIES Illustrated 68-page catalog 
side corners. Spiral wound, not die formed. includes in its many listings complete 
No sharp outside edges to cut wire. No need specifications for appliance devices, 


for wedges to tighten winding on laminated 
core. Full rigidity and physical strength. Per- ; ; 
mits winding coils to closer tolerances. Allows and plugs, and oil burner switches. 
faster automatic stacking of coils. Approved Electric range wire and lamp compo- 
and used by leading manufacturers. No extra cost! 


cord sets, dryer outlets, heat receptacles 


nents are other typical products avail- 
able. Eagle Electric Manufacturing Co. 


PARAMOUNT Cirle No, 137, Reade Inguty Service Cor 
ome aatppageledatal preceding back cover 


LETTERHEAD FOR PAPER TUBE CORP. 


ee aed 612 LAFAYETTE ST., FORT WAYNE, IND. 
OF OVER 2000 SIZES 


MOLDED RUBBER GOODS Molded rub- 
ber goods, custom-produced to  specifi- 
Standard of the Coil Winding Industry for Over 20 Years cations, are available in a wide range 





of rubber compounds, either natural o1 
synthetic. Illustrated 4-page brochure 
ows _ provides specification data and listings 
of company facilities and typical parts 
produced. Quality Rubber and Trans- 
mission Co, 


Circle No. 138, Reader Inquiry Service Cards 
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® America's Finest 
LCas TWNeS 


colter-fitting KINOBS ii) 


Dalohm design permits positive locking on all stand- 
ard shaft diameters full round or flatted with no 
damaging effect so frequently found when using set- 
screw type knobs. 


FIVE SIZES %” 1 Vis’ 1%” 2%” 3” 
COLLETS INTERCHANGEABLE... 


accommodate all shaft sizes from 14” to 3%” 





THERMOSTAT BIMETAL Technical 
data on a new thermostat bimetal, 
ASC-3. is presented in Technical Data 
Sheet No. 401. ASC-3 is said to have a 
wide range of linear deflections —be- 
tween —50 and 700 F, with applications 
in electric toasters. flat irons, current 
breakers, thermostats. and related de- 
vices. Industrial Div., American Silver 
Co. 
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PRECISION SPRINGS AND WIRE SHAPES 


¢ Precision cast of thermo setting plastic in Facilities for producing springs and t 
easy grip shapes. Pleasing appearance to wire shapes for instruments, appliances. t 4 
¢ » > P y y . . ° 
match modern styling communications and other equipment ‘ 
r » > . ve aoe , shiz « “% re : : : 
¢ Knobs fit concentrically on shaft and ¢ an be ae Ghekeelied sed Wieteeted ta on 
positioned accurately and easily on full 360 ere : 
oa 8-page brochure. Aid is provided for 
radius fyi . , a 
cS i ° ° “ o var S V 2S ecision : 
e Standard escutcheons, pointers and _ indica- specifying various types of precisic i 
tors available springs. Automatic Spring Coiling Co. ; 
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ighes ality at low price 
e Highest quality at low price a ae = 


Write, Wire, Call 


DALE PRODUCTS, INC. 


1306 28th Ave. Phone 2139 


SYNCHRONOUS TIMING MOTORS 

Sixty-cycle synchronous timing motor, 
described in a 2-page data bulletin. 
has standard speeds of 1, 3.6, and 8 
Ask for Bulletin K-29 rpm. Output torque at 1 rpm is 10 in- 


Columbus, Nebraska, U.S.A. 
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There are cases where you can’t play it too safe 


In ground-to-air guided missiles, high-powered walkie 
talkies, radar trucks, experimental rockets, atomic subs, 
console control panels — any instrument requiring high 
accuracy and dependability — you'll find Ward Leonard 
Vitrohm resistors. 

You'll also find them in hundreds of commercial and 
industrial applications where the variety, performance, 
and uniformity of Vitrohm resistors have added up to 


we 
U 


« 


increased customer satisfaction, repeat sales and substantial 
savings on repairs and returned merchandise. 

FOR MILITARY APPLICATIONS, the Vitrohm resis- 
tors designed to meet MIL-R-26B specs (characteristics F, 
G and V) are listed in our TECHNICAL INFORMATION 
CIRCULAR #1. 

FOR ELECTRICAL AND ELECTRONIC APPLICA- 
TIONS, our 64-page fact-jammed Catalog #15 gives you 
the complete Vitrohm story. Write Ward Leonard Electric 
Company, 34 South Street, Mount Vernon, N.Y. 





= acaligha 
















































SERVO 
MOTOR-GENERATORS 
FOR EVERY 
PURPOSE 






Kearfott Servo Motor-Generators are characterized by low rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide 2 to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 
speed range of O—3600 R.P.M. and useful output up to 10,000 R.P.M. 





CHARACTERISTICS 


TYPE MOTOR GENERATOR 
OUTP 
IN. 





SIZE 10 .35 OZ 6000 21/1 5% 
SIZE 10 .30 OZ. IN 8500 23/1 5% 
SIZE 11 .63 OZ. IN. 5900 25/1 5% 
SIZE 15 1.5 OZ. IN. 5000 25/1 5% 
SIZE 18 2.4 OZ. IN. 5000 25/1 5% 
SIZE 18 3.0 OZ. IN. 9600 23/1 5% 
RATE 
SIZE 15 .45 OZ. IN 10,500 170/1 5% 
SIZE 15 1.5 OZ. IN 4700 350/1 2% 
SIZE 18 2.4 OZ. IN. 4700 350/1 2% 
SIZE 18 3.0 OZ. IN. 8400 350/1 2% 
*INTEGRATOR 
SIZE 15 .70 OZ. IN. 6300 400/1 M% 
SIZE 15 1.25 OZ. IN 4500 400/1 M% 
SIZE 18 1.35 OZ. IN 7200 400/1 AG 
SIZE 18 2.4 OZ. IN 5200 333/1 05% 
SIZE 18 3.0 OZ. IN 8000 333/1 05% 


*Integrator Tachometers are temperature stabilized 


Send for Bulletin describing 






Servo Motor-Generators of 1n- 
terest tO you. 


ENGINEERS 
Many opportunities in the field 
of Precision components are 
open. Write for details today. 


earjott 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 





oz min. In addition to providing addi- 
tional specifications, bulletin also lists 
design features and typical applica. 
tions, which include recording equip. 
ment, refrigerators, and control equip. 
ment. The United States Time Corp. 
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RESISTOR ENGINEERING GUIDE—Com. 
prehensive data on manufacturer’s com. 
plete line of resistors and special 
products are listed in a revised 1955. 
1956 «Official Resistor Engineering 
Guide. Data covers JAN or MIL equiva- 
lent, rated wattage, standard tolerances, 
temperature rise, and temperature co- 
eficient. Engineering information — is 
also provided on maximum operating 
temperature, ohmic values available, 
dimension and approximate © prices, 
International Resistance Co. 
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OIL-BURNER MOTORS Lightweight 
Series 99] oil-burner motors are de- 
scribed in a 2-page bulletin providing 
full details including specifications, 
performance curves and dimensional 
diagrams. Construction details are 
pointed out by means of an exploded 
view. The Ohio Electric Manufacturing 
Co. 
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TEFLON-INSULATED TERMINALS AND 
CONNECTORS —Teflon Press-Fit stand- 
off and feed-thru terminals. available in 
both miniature and subminiature sizes, 
are described in an illustrated brochure 
pointing out such advantages as one- 
piece construction, and the inherent 
electrical, mechanical and chemical 
properties ol Teflon. Also provided are 
specifications for Teflon-insulated con- 
nectors. Dimensional drawings and 
other illustrations are provided. Sealec 
tro Corp. 
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BOND MICA INSULATION — Fabricated 
parts, plates, sheets, segments, tapes. 
tubes. and V rings, are among mica 
insulation products for electrical equip- 
ment described in an illustrated 16-page 
catalog. Complete specifications are 
provided on fabrications, machining 
and available combinations, as well as 
on composition, properties and avail- 
able tolerances. Continental-Diamond 
Fibre Div. of The Budd Co., Ine. 


Circie No. 145, Reader Inquiry Service Cards 
preceding back cover 


ELECTRICAL TACHOMETERS -— Com- 
plete details on manufacturer's new 
bearingless tachometer generators, as 
well as on all available a-c and d-c 
voltage- and frequency-responsive  ta- 
chometer systems are presented in cata- 
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Complete line of the NEW Reliance Totally-Pro- 
tected A-c. Motors is IMMEDIATELY available. 


These star performers combine maximum phys- 
ical strength and protective enclosure. Start- 
ing and full load torques in excess of NEMA 
standards . . . built-in reserves to meet extra 
production loads. 


Mount the new compact NEMA Frames where 
ever you have an application for an a-c. motor 


Cleveland 10, Ohio 


NEW Totally Protected MOTORS NOW AVAILABLE 


of 1 to 40 horsepower. All types of mountings 
... frame sizes 182 to 326-S. 


Reliance Motors are totally protected from core 
to cover . rotating components and active 
material are carefully treated and assembled 
to assure a lifetime of trouble-free continuous 
performance. 


Let us put these star performers to work for 
you—write for complete information. B-150 


ELECTRIC AND 
ENGINEERING CO. 


Offices in Principal Cities 


Canadian Division: Welland, Ontario 
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EAGLE MULTIPULSE 
repeat cycle timer 


IES 
2 to 12 
Tice 


STIG 





2” diameter cams adjustable within 7% 


This compact Timer features in its construction an “Expan- 
dex” hub— an Eagle Signal exclusive. Hub can be loosened 
or tightened until there’s just enough friction between it and 
the cam shaft to allow moving the cam a hair thickness dis- 
tance . . . as little as 14% of one revolution. Close settings 
are further facilitated since the “Expandex” hub eliminates 
shaft indentations caused by set screws. There is no occasion 
for a set screw to slip into a previous indentation. 


Opening or closing as many as 12 circuits in sequence, the 
Eagle Multipulse Repeat Cycle Timer is ideal for sequence 
starting of several motors, timed sequencing of automatic 
cement block machines, and sequence operation of solenoid 
valves in washing processes. 


Cycle change gears provide 3 to 1 time range. Available 
with 2 to 12 circuits . . . and with time cycles from 18 sec- 
onds to 36. hours. Synchronous motor powered. S.P.D.T. 
enclosed contacts. Available with cams factory set if de- 


sired. Send for free Bulletin 323. 
MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
Industrial Division, Dept. em-1155 
MOLINE, ILLINOIS 


on Multipulse Repeat Cycle Timer. 


NAME AND TITLE 
COMPANY 
ADDRESS 


city ZONE STATE 


Please send free Bulletin 323 containing full data 


log No. DOA. Illustrated and described 
are the various types and 
available indicators, recorders, and 
tachometer generators; dimensional dj- 
agrams and helpful mounting informa. 
tion are also provided. Weston Electri- 
cal Instrument Corp. 


sizes of 
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HIGH-RESOLUTION POTENTIOMETERS 

Technical data and outline drawings 
of new high resolution potentiometers 
designed for low torque, high function 
angle applications are contained in a 
2-page illustrated bulletin. Designated 
Series K-200, potentiometers are com- 
pletely enclosed and may be used as 
single or multiple-ganged units. DeJur- 
Amsco Corp. 
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SENSITIVE RELAYS —- Comprehensive 
catalog describes high-speed and sensi- 
tive relays especially designed for pre- 
cision aircraft electronics equipment. 
The operational charts included provide 
a means of predicting various operating 
characteristics. Electronics Div. of Iron 
Fireman Manufacturing Co. 
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VARIABLE SPEED DRIVE 
with selection 


Complete 
data, 8-page brochure 
pictures and describes available types 
of Speed-Trol Variable Speed Drives, 
pointing out advantages resulting from 
a positively adjusted 


pulley linkage, 


direct-through ventilation, and other 


design features. Modifications possible 
for special applications are discussed 


and available automatic and remote 
control accessories described. Sterling 
Electric Motors, Inc. 
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GLASS-SEALED CARBON FILM RESIST- 
ORS—Resistance values of glass-sealed 
carbon film resistors, described in a 
2-page brochure, range from 1 ohm to 
30 megohms. Stability characteristic of 
the resistor is 0.03 per cent per year 
at 0.5 watt rating, derating to zero 
power at 140 C. Leads are said to with- 
stand up to 15 lb pull. Size is 3/16 in. 
diam x 15/16 in. measured the length 
of the resistor body. Pyrofilm Resistor 
Co. 
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GLASS SEALING ALLOY TUBING — Data 
contained in Memorandum No. 15 
covers six glass sealing alloys in stand- 
ard production. The alloys are: No. 42. 
52 Alloy, Sylvania No. 4 alloy, A.I. S.L. 
Type 446 (27 per cent chromium). 
MT 1010, and OFHC Copper. Data 
covers production limits, nominal chem- 
ical analysis. temper ranges, mechan- 
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For the most dependable printed circuits, you need 
the high bond strength, workability, heat-resistance 


of O-D-F DILECTO METAL-CLAD LAMINATES 





Printed circuits based on C-D-F materials 


are being used 


with great success in military electronic equipment, commer- 


cial television and radio sets, 


sub-miniature radiosonde equipment 
Photos courtesy of Photocircuits, Inc., 





telephone switchboards—even 
and hearing aids. 


Glen Cove. N. Y. 


HIGH BOND STRENGTH —C-D-F’s special adhesive for metal- 


clad Dilecto bonds the copper foil to the plastic without affecting 
the laminate’s superior electrical properties. Heat-resistance, dissi- 
pation factor, dielectric constant, dielectric strength, and insulation 
resistance of the Dilecto base remain unaffected. The closely- 
bonded foil can be etched cleanly and dipped in hot solder to 
220°C. (428°F.) for ten seconds with a guarantee of no blistering 
or separating. Metal-Clad Dilecto can be punched or machined 
either before or after etching. 


EXCELLENT WORKABILITY —On all five Dilecto metal-clad 
grades, you can solder, punch, saw, and assemble components 
either by hand or automatically. Thanks to the inherently superior 
workability of the plastics laminate over that of ceramic-type 
materials, Dilecto can be dropped, jammed into tight chassis, and 
otherwise treated roughly on the assembly line and in service. 


HIGH HEAT-RESISTANCE—Metal-Clad Dilecto Laminates are 
made of phenolic, epoxy, or Teflon* resin for various conditions 
of service and assembly, and have either cellulosic paper or woven 
glass-fabric base. All are ideally suited to printed-circuit applica- 
tions in which heat-dissipation is a major problem. Continuous 
exposure to high ambient operating temperatures in enclosed elec- 
tronic equipment has no significant effects on Dilecto’s electrical 
and physical properties. 


UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable 
source of supply, can help you get the most for your printed-circuit 
money by reducing rejects, lowering fabrication costs, assuring 
dependable quality every time. Send us your print or problem, and 
we'll gladly supply appropriate test samples free. See our catalog 


in the Product Design File (Sweet’s) or send for the new 20-page 
Dilecto catalog. Let your nearby C-D-F sales engineer (listed in 
Sweet’s) help you right from the design stage! 






















BOND STRENGTH—0.0014” foil 
(Lbs. reqd. to separate 1’ 
width of foil from laminate) 


MAXIMUM CONTINUOUS 
OPERATING TEMP. (Deg. C.) 


DIELECTRIC STRENGTH 
(Maximum voltage per mil.) 


96 hrs. at 35°C. & 903%, RH 
DIELECTRIC CONSTANT 106 Cycles 
DISSIPATION FACTOR 106 Cycles 
ARC-RESISTANCE (Seconds) 
TENSILE STRENGTH (psi.) 
“FLEXURAL STRENGTH (psi.) 
IZOD IMPACT STRENGTH edgewise 
(ft. Ibs. per inch of notch) 
eo STRENGTH flatwise 
psi. 









BASE MATERIAL OF LAMINATE 













COLOR OF UNCLAD LAMINATE 


*duPont Trademark 


INSULATION RESISTANCE (Megohms) 


| Copper-Clad 


PHENOLIC 
(Grade XXXP-26) 


5 to 8 


120 
800 


50,000 


4.20 
0.026 
10 
16,000 x 13,000 
21,000 x 18,000 


0.40 x 0.35 


28,000 


Cotton rag paper 


Natural greenish 


TYPICAL PROPERTY VALUES 


Copper-Clad 
PHENOLIC 


| (Grade XXXP-24) 


5 to 8 8 to 12 8 to 12 5 to 8 
| a 
120 150 150 200 
800 700 650 700 
50,000 30,000 20,000 | Over 106 megohms 
4.20 4.90 4.95 2.85 
0.026 0.019 0.018 0.0006 
10 60 80 180 _ oe 
14,000 x 11,000 46,000 x 42,000 48,000 x 44,000 23,000 x 21,000 
19,000 x 16,000 60,000 x 55,000 75,000 x 65,000 [| 13,000x 11,000 
0.40 x 0.35 6.5 x 6.0 13.5 x 11.5 6.0 x 5.0 
27,000 60,000 62,000 20,000 
Fine-weave, Medium-weave, |  Fine-weave, 
| Cotton rag paper medium-weight medium-weight | medium-weight 
glass cloth glass cloth | glass cloth 
Natural Brown Natural Natural _|___Natural ~ a 


Copper-Clad 
EPOXY 


| (Grade GB-116E) 


~~ Copper-Clad 








EPOXY 


| (Grade GB-181E) 


All these standard grades are available with 0.0014’’, 0.0028’’, 0. 0042”, or thicker electrolytic or rolled copper foil 
on one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 





CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 


NEWARK 13, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


DELAWARE 


| (Grade GB-116T) 


Copper-Clad 
TEFLON* 
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Even for the special ~, 
“out of this world” ‘ 
wiring problem... \ 
a down-to-earth ; 
solution = / 
Continental Wire —_-” 
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Whether it’s a rocket to the moon or a radio for a 
room—chances are you'll find Continental ready 
to serve your wiring needs exactly—with both 


speed and efficiency. 


With many quality insulations of Asbestos... 
Glass . . . . Varnished Cambric .. . 


Polyethylene . . . Polyvinyl . . . Teflon . 


. Nylon . 
.. Zytel, 
among others, Continental also offers a wide 
range of wire sizes—in stock and on special 
order. For instance, Continental's ELECTRONIC 
HOOK-UP WIRE. This nylon-insulated, hook-up 
wire saves TIME... LABOR... and GUESS- 
WORK in assembly. Resistance to abrasion, 
acids, alkalis and petroleum solvents—and tem- 
peratures ranging from —50° C to +125° C 
—assures dependability plus versatility. Avail- 
able in AWG SIZES 18 to 32. 


One source for your many wiring requirements 
—Continental. Write today for Continental's 
complete catalog of heat-resistant, moisture- 
resistant wires, cables and cords. Serving 600- 
5000 volts. Sizes, 18 AWG—2,000,000 CM. 


Continental's industrial wire and cable special- 
ists are available to serve you at any time. 


Contact: Continental Sales, Box 363, Dept. CWS-20 
Wallingford, Conn., Phone COlony 9-7718 


ontinental 
WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 


ical properties, thermal properties, and 
tolerances. Included is a chart showing 
approximate expansion curves for the 
six standard alloys for temperatures 
from 0 to 1000 F. Superior Tube Co. 


Circle No. 151, Reader Inquriy Service Cards 
preceding back cover 


TEFLON STOCK; FABRICATING SERV. 
ICES—Range of Teflon stock described 
in Bulletin No. 300 includes sheets. 
tape. and molded cylinders and _ bars. 
Also listed are extruded tubing and 
rods, and electrical spaghetti, as well 
as beading and extruded shapes. Addi- 
tional pages are devoted to describing 
fabricator’s services for Teflon parts 
molded and machined to customer spe- 
cifications, stressing the development of 
special techniques by the 
United States Gasket Co. 


Circle No. 152, Reader Inquiry Service Cards 
preceding back cover 


company, 


VIBRATION CONTROL All-metal 
mounts designed to meet aircraft and 
missile requirements. are constructed 
to meet requirements of MIL-C-172B. 
Four-page brochure provides complete 
specifications, dimensional drawings, 
and other data. Illustrations are pro- 


vided. K. W. Johnson & Co., Inc. 


Circle No. 153, Reader Inquiry Service Cards 
preceding back cover 


BALANCING MACHINES 


page catalog describes the improved 


Kighteen- 


line of Type S_ balancing machines. 
which provides means for quickly and 
accurately measuring and locating un- 
balance in parts weighing from a few 
ounces to several hundred pounds. Ma- 
chines are available in both horizontal 
and vertical models in several standard 
sizes. Illustrated case histories are in- 
cluded. Gisholt Machine Co. 


Circle No. 154, Reader Inquiry Service Cards 
preceding back cover 


POLYETHYLENE EVALUATED Pur- 
pose of this 14-page brochure is to 
present an evaluation of polyethylene 
in terms of its exact mechanical nature. 
This has been done comparatively, us- 
ing polychloroprene as an example of 
a material with which polyethylene is 
often compared. Data are presented on 
tensile and creep properties, stress rup- 
ture, and brittleness temperatures. 
Bakelite Co.. Div. of Union Carbide & 
Carbon Corp. 


Circle No. 155, Reader Inquiry Service Cards 
preceding back cover 


BALL BEARING LUBRICATION 

Punched for insertion in a three hole 
binder, particularly manufacturer's 
Standards Binder Registry No. B-163. 
one-page data sheet lists manufacturer's 
symbols for oils and greases together 
with applicable military specifications. 
source, and lubrication type. Also avail- 


° . 
NOVEMBER 1955 ELECTRICAL MANUFACTURING 


ig 
1e 


PS 


ng 


rts 


ING 


nes 


DOLE Solenoid Valves 
with flow control 
serve the electrical 
appliance industry 
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THE DOLE VALVE COMPANY 
1901 W. Carroll Avenue, Chicago 12, Illinois 
Philadelphia e@ Detroit @e Los Angeles 


READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 
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If you manufacture equipment where the control of 
flow is important, Dole Solenoid Valves will help you 
solve control problems— assure automatic operation. 

Dole pioneered in the design and manufacture of 
Solenoid Operated Valves and Flow Control Valves 
for use on home washing machines and dishwashers. 
Dole Controls are today finding an ever increasing 
use in the modern trend toward more and more auto- 
matic operation. 

If you have any problem of controlling flow and 
temperature, Dole’s experience of almost half a cen- 
tury may be able to help you. Our engineers are 
ready to work with you. 
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(TRADE-MARK) 








POLYPENCO® SHAPES 


For low-cost fabrication specify POLYPENCO 
Shapes ...modern forms for industrial non-metallics 


@ MACHINE ON STANDARD METALWORKING TOOLS 
@ HAVE COMPLETE CONTROL OVER PRODUCTION 
e@ ELIMINATE MOLD COSTS 

e@ DEPEND ON UNIFORM HIGH QUALITY 

e@ IMMEDIATE DELIVERY—NO PRODUCTION LAG 


NYLON 


POLYPENCO 101 Nylon 
—the standard for qual- 
ity and performance — 


tough, abrasion resistant, 
durable. 


Rod e Tubular Bar 
Strip e Slab 
Tubing 


TEFLON 


Provides excellent resist- 
ance to heat and mois- 
ture, with outstanding 
electrical and chemical 
properties. 


Rod e Tape 
Tubing e Slab 
Spaghetti Tubing 


Q-200.5 


Rigid, clear, transparent 
material widely used for 
r.f. and uhf. insulators. 


Rod . . . and other shapes 
on special order. 


Order from your nearest warehouse... 
Write for Bulletins and Price Lists 


THE POLYMER CORPORATION of Penna. « Reading, Penna. 
In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P. Q. 


te) R415 lee nylon, teflon* and other non-metallics 


+ 


PON ADEMARK 


Warehouse stocks: Boston e Buffalo e Chicago e Cleveland 
Dayton « Detroit « Los Angeles e Minneapolis « Montreal 
New Haven « Reading « St. Louis ¢ Toronto 


276 








able is a revised “Nomograph For 
Precision Bearings.” Miniature Pye. 
cision Bearings, Inc. 


Circle No. 156, Reader Inquiry Service Cards 
preceding back cover 


TAPE-RESISTOR APPLICATIONS IN 
MINIATURIZED EQUIPMENT Bulletin 
HEC-1 describes the development and 
outstanding features of tape resistors, 
It also discusses design considerations 
affecting printed-circuitry and minia- 
turized equipment applications. Hansen 
Electronics Co. 


Circle No. 157, Reader Inquiry Service Cards 
preceding back cover 


HIGH-STABILITY POLYSTYRENE CA- 
PACITORS—New line of high-stability 
polystyrene dielectric capacitors, de- 
scribed in a 2-page illustrated catalog 
sheet, are designed for use where low 
leakage and low dielectric absorption 
are important. Standard units come 
in bathtub and rectangular can types 
with ratings of 200, 400 and 600 volts 
and 0.05 to 25 mf. Corson Electric 
Manufacturing Corp. 


Circle No. 158, Reader Inquiry Service Cards 
preceding back cover 


JIC JUNCTION BOXES —Price-list sheets 
contain dimensions and costs of 2300 
standard sizes of IC junction boxes. 
H. F. Cox Co. 


Circle No. 159, Reader Inquiry Service Cards 
preceding back cover 


AIR-CONTROL VALVES —FExtensive list- 
ings of air-control valves for controlling 
single and double-acting air cylinders 
are contained in an illustrated catalog. 
Included are a new 3-way_ solenoid 
pilot-operated full-capacity valve; 3-way 
direct solenoid-controlled valve; and 
2-way cam-controlled valves. Specifica- 
tions are also provided for air or hy- 
draulic single and double-acting cylin- 
ders and related products. Airmatic 
Valve, Inc. 


Circle No. 160, Reader Inquiry Service Cards 
preceding back cover 


CONNECTORS FOR’ MINERAL - IN- 
SULATED CABLE—Pointing out their 
applications in the wiring of electrically 
driven machinery and control; illus- 
trated data sheet describes the MI 
series of brass connectors for use with 
safety mineral-insulated cable. Avail- 
able types are illustrated and _ price 
lists and installation instructions in- 
cluded. Appleton Electric Co. 


Crcle No. 161, Reader Inquiry Service Cards 
preceding back cover 


MOTOR CONTROL CENTERS —Permit- 
ting all required types of control appa- 
ratus to be easily organized into a com- 
plete sectionalized motor control center 
for machine-tool and similar equipment, 
the Unitrol is supplied to customer 
specifications. Bulletin 9801 B-1 points 
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be longer is it necessary for the designer to compromise motor 
ower or performance to meet size and weight limitations! 

7 . ° ° : : KL 

Now, Lima has in production all ratings in new NEMA frame 
pizes 182, 184, 213 and 215-—-with the 254U through 326 frames 
Hollowing on an accelerated schedule. 


Fi you application requires greater efficiency in a smaller size 
With less weight, better protection and longer service-free life... 


(ypuache 10 lb fection 


g 


New NEMA Frame Sizes 


then these new Lima Motors have been designed for you! Get de- 
tailed information from your Lima Representative now. If he is 
not already calling on you, his name and address will be found 
in the following Trade Directories: Thomas’ Register, Mac Rae’s 
Blue Book, or Conover-Mast Purchasing Directory. 


Of course, the former NEMA frame sizes 66 to 505 (14 to 150 
H.P.), incorporating the latest advances in motor design, will 
remain in production, 


THE LIMA ELECTRIC MOTOR COMPANY, 4751 Findlay Road Lima, Ohio 


Representation throughout the U. S., Canada and abroad 


FIRST...FOR MOTORS... DRIVES...SPEED REDUCERS 








MERCOID 


MERCURY SWITCH EQUIPPED 
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Control 


The control which senses the clarm circuit 
is connected in series with the primary 
coil of the relay. The alarm control 
closes its circuit to supply current to the 
relay primary coil and through the nor- 
mally closed mercury switch of the relay 
to the Audible or Visual Alarm. Pushing 
the manual button of the relay (or 
through ag momentary contact by a 
remote switch connected to the pilot 
circuit) causes the secondary coil to 
move upward, opening the normally 
closed mercury switch and stopping the 
Alarm. A lock circuit in the relay holds 
the alarm circuit open as long as current 
is supplied to the primary coil of the 
relay. When the alarm control opens 
its Circuit interrupting the current to the 
relay primary coil, the magnetic repul- 
sion holding the relay secondary coil up 
is interrupted and the secondary coil 
drops from its own weight. The alarm 
circuit sequence is thus reestablished 
automatically and is ready for another 
operation at the demand of the alarm 
control. 


Available for 115, 230 or 
440V. A.C. current or similor 
D.C. voltages 


Our engineers are at your service— 
send in your control problem or 


WRITE FOR BULLETIN CA-8R 


THE MERCOID CORPORATION 


4211Belmont Ave., Chicago 41, Ill. 
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out that standardized sections and mod- 
ular units allow construction of a wide 
Standard 

without 
control transformers up to and includ- 
ing NEMA Size _ 5. 
Inc. 


Circle No. 162, Reader Inquiry Service Cards 
preceding back cover 


variety of control centers. 


units are available with = or 


Cutler-Hammer. 


VIBRATION MOUNTINGS 


mountings from 


Vibration 
medium and heavy 
weight machinery. described in catalog 
FP55, consist of a pair of rubber-in- 
shear isolators mounted at an angle 
between a semi-steel base and cover. 
Load capacities and frequencies. illus- 
trations of typical applications and 
manutacturers engineering services are 
described. T. R. Finn Co.. Ine... In- 
dustrial Div. 


Circle No. 163, Reader Inquiry Service Cards 
preceding back cover 


FORGED WELDLESS 
FLANGES —- How 


rings and flanges improve products and 


RINGS AND 


forged weldless steel 


cut costs is discussed in a 12-page book- 
let discussing design advantages and ap- 
plications of the forging in industrial 
equipment and machinery. Also de- 
scribed are steps in the manufacture 
of the rings and flanges. including 
production of high-quality steel, man- 
drel forging. roll forging. heat treating. 
and machining. Standards Steel Works 
Div.. Baldwin-Lima-Hamilton Corp. 


Circle No. 164, Reader Inquiry Service Cards 
preceding back cover 


MANUAL ON POTTING CONNECTORS 
Text and 
manual. 


illustrations of 12-page 
“Methods of Potting Cannon 
describe 


Plugs,” methods of 


potting 
connectors to obtain a moisture-proof. 
vibration-resistant, space-saving — con- 
nector. while conserving weight of the 
connector load. Discussed are such 
subjects as mixing the sealant, potting 
forms, types of guns and required time 
intervals. Cannon Electric Co. 


Circle No. 165, Reader Inquiry Service Cards 
preceding back cover 


SPRING DESIGN DATA SHEETS-~— Basic 
considerations in the design of preci- 
sion springs are discussed and _ illus- 
trated in a series of engineering data 
sheets. Subjects include: 
coil diameter 


spring index. 
modulus and 
physical properties of spring materials, 


variation, 


as well as a comparison of costs and 
physical characteristics of spring mate- 
rials. Hunter Spring Co. 


Circle No. 166, Reader Inquiry Service Cards 
preceding back cover 


SILICONE RUBBER ELECTRICAL INSU- 
LATION SYSTEM — Silico-Flex all-sili- 
cone-rubber insulating system for mo- 
tor and generator stator windings is 
discussed in a 4-page leaflet pointing 


out its excellent electrical. thermal and 
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FLOWER 


BRUSH HOLDERS 








TANDEM 


for slip ring service 





TYPE 85-SK 


for stationary motors 
and generators 


There’s a reason for the claim: 
“maximum motor and generator 
performance” — long life for both 
Brush Holders and Brushes is 
built into the units with highest 
quality. bronze castings, precision 
machining — proper designing. 


Known throughout industry for 
their enduring qualities, some of 
these units have lasted more than 
24 years, under critical operating 
conditions. High resistance to vi- 
bration and wear assures you, your 
FLOWER BRUSH HOLDER 
will not cause breakdowns in pro- 
duction. 


GET COMPLETE INFORMATION NOW! 


Write for Catalog 4-M 


— RI 


D. B. FLOWER MFG. CO. 





1217 Spring Garden Street, Philo. 23, Penna. 
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TORKRITE 


. newly improved 


. and at lower prices. 


This fine internally 
threaded and embossed 
tubing is now made to 
fit 8/32, 1032, 

1 4-28,5 16-24, and 


5 16-28 cores. 
* * * 
INVESTIGATE 


this outstanding 


coil form! 


* * * 


*Reg. U. S. Pat. Off. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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CLEVELITE* FOR EVERY USE 


It possesses excellent electrical insulation properties, has 
good machinability, and is highly resistant to moisture. 


Clevelite is structurally strong, very light and may be easily 
punched, machined or sawed . . . certain tough grades may be 
cold punched satisfactorily. 


Clevelite chemical properties are also exceptional . . . un- 
affected by solvents and oils . . . resistant to normal strength 
basic acidic and salt solutions. 


Write for folder detailing the seven grades in which 
CLEVELITE is produced. 


call CLEVELAND! 


Why pay more? For Good Quality .. . 









THE 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, N.Y. « JAMESBURG, NJ. + LOS ANGELES 


ABRASIVE DIVISION at CLEVELAND, OHIO 


Cleveiand Container Canada, Ltd., Prescott and Toronto, Ont. 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. 
NEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. | 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO . 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 











WHEN TO 


SPECIFY 


A 


FERGUSON 
DRIVE 


IN YOUR NEW PRODUCTION MACHINERY 


WHEN INDEXING SPEEDS 
LIMIT YOUR PRODUCTION... 


OR IF YOU REQUIRE SMOOTH 
STARTING AND STOPPING... 





5 


OR YOU NEED PRECISION OF 
001” WITHOUT AUXILIARY 
LOCKING DEVICES... 


OR IF MAINTENANCE “DOWN 
TIME" IS A MAJOR PROBLEM... 


There's No Place in Automation for 
Obsolete Indexing Devices 


Modern production methods require speeds and precision impossible to 
obtain with geneva drives and other obsolete indexing devices. The Fergu- 
son Roller Gear Drive makes it possible to increase production speeds as 
much as 100%, while improving product quality and reducing maintenance 
costs! The Ferguson Drive, the greatest development in indexing in the 
last thirty years, attains indexing speeds up to 1,000 per minute in some 
applications without undue shock or vibration to the Drive or machine. 
If you have machinery utilizing dial feeds, roll feeds, carrier chains and 


other types of intermittent feeding methods, investigate the Ferguson 
Drive and discover what it can do for you. 


NOW.IN STOCK! 


CUT WEEKS OFF 
DELIVERY TIME! 


The more widely used Fergu- 
son Drives may now be 
ordered from stock with weeks 
cut off delivery time and prices 
reduced as much as 25%. 
Send in the attached coupon 
or write for Bulletin 105a to 
get full information, including 
load ratings, dimensions and 
data on selecting a Drive. Find 
out how inexpensive it is to 
modernize your production 
machinery, increase produc- 
tion and lower operating costs. 
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FERGUSON MACHINE & TOOL CO., INC. 


P. O. BOX 


ROLLER GEAR DIVISION 
5841 ST. LOUIS 21, MO. 


‘ 

| FERGUSON MACHINE & TOOL CO., INC. | 

Roller Gear Division Dept. E-Ii | 

P. O. Box 5841 St. Lovis 21, Mo. 

Send free copy of bulletin 105a and data on stock and standard | 
Ferguson Drives for high speed precision indexing of pro- 

duction machinery. | 
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mechanical properties. as well as de. 
sirable chemical properties. Advantages 
of the system are said to result from 
its laminated structure built up of only 
silicon rubber, vulcanized into a homo. 
geneous, void-free dielectric barrier, 
Allis-Chalmers Manufacturing Co. 


Circle No. 167, Reader Inquiry Service Cards 


preceding back cover 


MAGNETIC CORES Specifications and 


data on standard grades of Ferramic 
H magnetic cores are presented in a 


t-page brochure 


containing magnetic 
data based on average measurements 


representative 
addition to a 


made on a group of 
samples. In series of 
graphs providing this information, a 
table is provided listing magnetic prop- 
erties of other ceramic bodies. General 
Ceramics Corp. 


Circle No. 168, Reader Inquiry Service Cards 
preceding back cover 


IMPROVED POLYETHYLENE (Greater 
heat resistance, greater structural stiff- 
ness and better appearance are said to 
characterize a new thermoplastics mate- 
rial, Dylan Polyethylene, the 
development of which is announced 
in an illustrated brochure. Suggested 


Super 


applications include refrigerator parts, 
washing machine agitators and_ radio 
housings. The Chemical Div., Koppers 


Co... Inc. 
Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 
RELAYS— Class 33 subminiature d-c re- 


lays. Class 11 short-form d-c telephone- 
type models, and Class 22 long form, a-c 
or d-c telephone type relays are listed 
and described in Catalog 55. Among the 
models for which complete specifica- 
tions are provided are locked-in and 
hermetically sealed models, as well as 
power, plug-in and power models, Addi- 
tional illustrate 
available enclosures. Magnecraft Elee- 
tric Co. 
Circle No 


listings describe and 


170, Reader Inquiry Service Cards 
preceding back cover 


LAMINATED PLASTICS SERVICES 


Complete laminated services 
announced in an 


includes: 


plastics 
illustrated brochure 
application engineering, re- 
search, fabricating, and a new custome! 
stock service. Pointed out are the elec- 
trical, chemical 
erties offered by 


and mechanical prop- 
fabricator’s 53. stand- 
ard grades. The Formica Co. 


Circle No. 171, Reader Inquiry Service Cards 


preceding back cover 


DRAFTING ROOM EQUIPMENT _ lllus- 
trated 16-page catalog features a wide 
selection of furniture for the drafting 
room, including drafting tables, tracing 
storage files, and 
Brand furniture is 
Post Co. 
Circle No 


and chairs. 


listed. Frederick 


stools 


172, Reader Inquiry Service Cards 
preceding back cover 


*@NOVEMBER 1955 ELECTRICAL MANUFACTURING 





er 


to 
e- 
he 
ed 
ed 
ts, 
io 


ces 


ure 


ner 
€C- 
Op- 


nd- 


us: 
ide 
ing 
ing 


‘ick 


- 7 


Tay ae 41% 1” 


Furnas Electric again leads the field. Now magnetic motor 
controls are available with Dual Seal coils. Dual Seal 
coils mean longer control life. Why? Because Dual Seal 
molded coils are moisture and fungus resistant, elimi- 
mating the most common cause for coil failure. These 
homogeneous molded coils are dimensionally stable, age 
resistant, will not support combustion and have high di- 
electric strength. Mechanical properties of Dual Seal coils 
eliminate damage due to vibration or impact and are 1m- 
pervious to damage by screwdrivers and other hand 
operated tools. 


Only Furnas magnetic controls are equipped with Dual 


Seal coils. Before you buy, investigate the many advan- 
tages of these controls. Then specify Furnas Electric. 


Send for your free copy of the 
140 page Furnas Electric catalog 





today. Write Furnas Electric 
Compony, 24 McKee Street, : 
Batavia, Iilinois or contact your 
meorest Furnas Electric Sales 
Representative 
READER INQUIRY SERVICE CARDs, PRECEDING BACK COVER 
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@ MOISTURE AND FUNGUS RESISTANT 
e@ EXCELLENT HEAT DISSIPATION 

@ DIMENSIONALLY STABLE 

@ MECHANICALLY STRONGER 

@ NON-COMBUSTIBLE 


DUAL VOLTAGE COILS 


la? hg! 


HIGH VOLTAGE LOW VOLTAGE 


Furnas Electric magnetic controls with exclusive Dual 
Seal dual voltage coils are matched for use with your dual 
voltage motors. Coil changing is now virtually eliminated 
and stocking of coils and starters simplified. For example, 
on 3, 71/4, and 10 horsepower starters, one 220-440 volt 
Furnas Electric coil is used where six are normally re- 
quired. Simple, on-the-job, reconnection of coil leads 
change high to low or low to high voltage as required. 


FURNAS ELECTRIC COMPANY — 
BATAVIA, ae 





ILLINOIS 
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To the man who 
is responsible 
for precision 
production... 





~—™ 
this ae 
brochure Vi 
provides 
important 
information 


nse 





Write for 
your copy 
NOW! 


Filled from cover to cover with the 
newest developments in today’s 
advanced machine tool engineer- 
ing —— the versatility of operation 
in engineering and building for 
America’s largest manufacturers 
Yes, this brochure belongs on your 
desk for current quotations and 
future planning. 


aes 


TOOL AND DIE 
COMPANY 





1643 EDDY ROAD @ CLEVELAND 12, OHIO 


282 





Editorial Reprints 





\s manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 


Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELecrRICAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints. without charge. 


The numerals shown in reprint list- 
ing correspond to the numbers shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 


bers indicating the reprints desired, 

If multiple quantities of these re. 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 


— ee 


Cost of 
Single Subject Reprints 


Vo. of Number of pages 
Reprints 1-12 16-32 
| Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 


ee 





REPRINTS NOW AVAILABLE 


Nuclear Batteries, November 1955, 8 
pages. Progress report from Wright 
Field on the development of power 
sources utilizing radioactive isotopes 
as energy elements. Solar batteries 
are also discussed. Commercial and 
semicommercial types offered by in- 
dustry are illustrated and described. 

(233) 

Simplified Design of High-Tempera- 
ture Transformers, November 1955, 
12 pages. Detailed procedure for 
estimating temperatures and tem- 
perature gradients in power trans- 
formers for electronic equipment. 
Charts, diagrams and a nomograph 
are used. For power outputs to 5 
kva, voltages to 50 kilovolts, fre- 


quencies from 25 to 2500 cps; at- 


mospheric pressure as low as 1.32 
in. of mercury (70,000 ft altitude) 


and temperatures up to 200 C. (232) 


Analog Computers for Machine Con- 
trol—Parts I and II, August and 
October 1955, 20 pages. Points out 
the possibilities created by exten- 
sive military research and develop- 
ment programs that have made a 
rich store of computer technology 
and proven components available 
to the equipment designer. Once 
basic principles are understood, the 
design of computer controls be- 
comes largely a matter of arranging 
off-the-shelf building blocks. Ar- 
ticles explain workings of basic 
components and describes how 
servos perform individual mathe- 
matical operations. (231) 


New Developments in Shaded-Pole 
Motors, October 1955, 8 pages. 
Based on interviews with 21 motor 


———— 


manufacturers, this report covers 
improvements in the characteristics 
of one of the most widely used 
electrical components. Although 
low cost is still the greatest benefit 
offered by the shaded-pole motor, 
the equipment designer can look 
forward also to higher efficiencies, 
better power factors, lower bear- 
ing life and standardized dimen- 
sions. (230) 


Evaporative Spray-Tower Technique 
for Electronic Equipment Cooling, 
October 1955, 12 pages. A new 
system of cooling developed by the 
Navy is described. Simultaneous 
heat and mass transfer is utilized 


as the means for removing heat. 
(229) 


Correcting Meter Readings on Servo 
and Gyro Motor Tests, Septembe: 
1955, 8 pages. Corrections are in 
order when the power consumed by 
the meters is substantial compared 
to the motor loads, as in the case 
of small instrument motors. Forms 
developed at M.I.T. routinize the 
otherwise tedious calculations. (228) 


Current-Rectifying Devices, Septem- 
ber 1955, 20 pages. As a selection 
guide, this comprehensive staff re- 
port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifiers 

vacuum, gas and mercury tubes; 
selenium and copper-oxide metallic 
rectifiers, and the newer germanium 
silicon types. (227) 


Wiring Harness Practices, July 1955. 
4 pages. Describes recommended 
practices for the layout, tieing and 
installation of wiring harnesses and 
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When you have automation on this scale 


your electrical circuits can’t fail 


A 


res 
Mg 


| ERE, signals pulsing through 7 Cross Transter-matic automation 
miles of Rome Synthinol® Ma- 
chine Tool Wire control 555 auto- 


350-foot 


line, designed and built by The 
Cross Company of Detroit. 

matic operations. It’s a Operations are automatically per- 
formed on the V-8 cylinder block at 
each station. Cylinder blocks are 
loaded at one end and unloaded at 
the other end. Controls that keep 
104 blocks in process simultaneous- 
ly come through the 35-foot panel. 
Production: 100 cylinder blocks an 
hour at 100% efficiency. 


Small wonder that wiring, like 





every other component, must be 





chosen carefully. Even one minor 
control circuit breakdown a day 
But Rome 
Synthinol Machine Tool and Con- 


trol Wire is made for these critical 


would be unthinkable. 


applications. Its polyvinyl chloride 
insulation, specially compounded to 
resist heat, flame, moisture, acids, 
oils, and cutting solutions, assures 
long, trouble-free circuit life. 

The Cross Company has been 
well satisfied with Rome... you will 
be too. Write today for detailed 


specifications or engineering help. 


ROME CABLE 


Oe heated 


It Costs Less to Buy the Best 


ROME 


TORRAWCE 


READER INQUIRY SERVICE 


CARDS, PRECEDING BACK COVER 





NEW YORK 
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shows how careful design can fa- 
cilitate testing and inspection and 
Standards for Insulation, Motors, 
improve service reliability of equip. 
ment. (226) 
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: tract, the authors describe the de- 

p av) t e ty f Uy n 4 sign and application of four basic 
ae systems for circuit packaging and 

Se : integration of printed wiring assem- 

blies, particularly applicable to auto- 
matic production. Thermal dissipa- | 
tion is major design consideration. 


(225) 


— 


European Developments in the Dielec- 
tric Field, August 1955, 8 pages. 
Report summarizes progress in ace- | 
tate paper, epoxy casting resins, 
epoxy-impregnated mica paper, 
polyurethane magnet wire enamel, 
and foam-type polystyrene, also de- 
scribes special equipment for ex- 
truding helical multicolored poly- 
vinyl chloride’ wire _ insulation. 

(224) 


we 


UU 


Flexible Couplings for Motor Drives, 
July 1955, 8 pages. Operating prin- 
ciples and selection factors of some 
principal types are presented in this 
review. Many design variations are 
to be found in these basic types, 
all intended to compensate for lim- 
ited misalignment resulting from | 
poor mounting of motor and driven 
member, wear, thermal distortion 
and load deflection. (223) 


Design of D-C Tractive Electromag- 
nets, July 1955, 12 pages. Simplified 
method for designing electromag- 
nets using curves plotted from data 
on variety of practical magnets. | 
Intended for the occasional de- | 
signer. Typical problem is solved. 

222) 


Relays in Electron Tube Circuits, July 
1955, 8 pages. Describes how relays 

















. . . . ' 
are used in conjunction with vacu- | [ 
‘ rach > eotr »¢ ‘ 
uMeOEL. A scilaiaaiie’ ote um and gas-filled electron tubes to a 
2-pole, shaded pole 4-pole, shaded pole obtain advantages of both. Typical [| ¢ 
AC Induction Type AC Induction Type 2-pole, shaded pole circuits are discussed. (221) | 
AC Induction Type hb 

























































3 : ; ' 
Effects of Water Immersion and Hu- [| @ 
midity on Thermosetting Laminates, | p 
NOT SHOWN: July 1955, 12 pages. Results of . 
MODEL C — 2-pole, evaluation program, including 
shaded pole AC ~einhe , ' Cc 
Re... 9g anne induction Type graphs and tabular data by Mate- 
2. © ee 7 4 “as Faas od es i ) 
4-pole, 4-coil shaded pole 4-pole, 4-coil shaded pole MODEL O- 2-pole rial Laborator Y> New York . Naval } 
AC Induction Type AC Induction Type a wae oe Shipyard, on Navy grades of phen- | in 
oe oe a dee olic, glass-laminate and _ glass-sili- 
Write for Complete Motor Catalog volts) cone laminates under various test | . 
conditions. (220) |} 
' oD 
Printed Circuits Have Versatility Plus, 
tHE GENERAL INDUSTRIES co. June 1955, 8 pages. Review of | g 
printed circuit applications outside 
DEPA é . Vv 
RTMENT GL ¢ ELYRIA, OHIO of the strictly electronic field. a 
ieee \ : 
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Get longer life in formed parts AT NO EXTRA COST 


| USE THE NEW FINE GRAIN PHOSPHOR BRONZE 
a WITH 30% GREATER ENDURANCE LIMIT 









“ KB Se et 
cy ¥s 
eres 


Micrograph (75x 
magnification) of regular 
phosphor bronze. Note 
relatively coarse grain 

structure. 


Micrograph (75x magnification) 
of Duraflex. Its fine 
grain structure is the secret of 
its superiority. 


BY ANACONDA 


cu- DURAFLEX is a new. fine-grain phosphor bronze developed AN 
: and sold only by Anaconda. Comparative fatigue tests show . g 
ical that the endurance limit of DURAFLEX is approximately 30°; 

higher than for regular phosphor bronzes. In surface appear- PRODUCT 

ance, surface smoothness and hardness, it is superior to other MADE BY THE AMERICAN BRASS COMPANY 
tes, | phosphor bronzes. It is unsurpassed in corrosion resistance by 





7 . P *le e . ee ee eee ee = 
‘ of | any other phosphor bronze. Further, its formability is in- FREE SAMPLE i 

ing me ; al ee - ; 
‘4. | €reased with no sacrifice in yield strength. DURAFLEX is a 4 The American Brass Company, Waterbury 20, Conn. 4 
ate- i remi | : | : ies ee eka y : a. (In Canada: Anaconda American Brass Ltd., New Toronto, Ontario) § 
val | } uum phosphor bronze in every way except cost; there s ' hike weed What ee AEE Picea aed oh ut ee eel ‘ 
ien- ° | no increase in price. : sheet in_ temper, thick, : 
sili- [f you're now using a hard-temper phosphor bronze, chances | “'®!" ar GS 
test { are th a ts a ‘ wcliael — (] We'd like to talk to one of your representatives about 14 
0) - * lat you can do the same forming in extra-hard temper 1 DURAFLEX. . 
DURAFLEX. 1 NAME.... 5 Sale dg < ait aiekiaaioraee aa 
lus, | If you're looking for longer life in the parts you form, we'll be $ COMPANY............... 60-5000 cece eeee eens E 
' Z F . ss pes - J i 
of glad to send you a free sample of puRAFLEX. Try it, test it, and G STREET. 0.1.6. e eee cece eee cette cent eee eateneeees . 
ide A IE RCS a BE See ee 
id you will agree that it is superior. sot SHEET . . . up to 0.062” thick 
; *Trade Mark i WIRE .. . up to 3/16” diameter (approx. ' 

% 
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NOW . 


cal requirements and still provide for 
Catalog illustrates pro- 


., totype transformer in 

“GTC” calls it detail to: 
ae V eliminate time - con- 
Custom- suming liaison between 
ee your engineers and ours 
specified . V reduce time for proc- 


essing orders because 
sample submission is 


Write today for the “GTC” representative in your area . . 
be glad to call at YOUR convenience and show you how to save 


time and money on YOUR transformers. 
eeeeeeoeoeoeee@ 


precision, deep drawn 


KOVAR 


—from 1/4” dia. and 3/4” 
deep, .025” thickness 


Consult the Engineering Company for 
quality parts or sub-assemblies of steel, 
aluminum, copper, brass, kovar, nickel 
and monel. Fast, economical service on 
long or short runs. The most modern 


WRITE TODAY fo, Crt 
AD MeL tia) Taeelg bluepri 


aounateniion 


_ TRANSFORMERS 


. through a unique method . . . “GTC” represen- 
tatives are prepared to give you on-the-spot answers on 
delivery time, price and all other pertinent details .. . 
tq precisely order to your particular electrical and mechani- 
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micro-precision tools 


assure highest accuracy. 





Tare R iar.) 
ints; no obligation. 





















quick delivery 


usually unnecessary 

V realize cost econo- 
mies through applica- 
tion of mass production 
techniques to limited 
quantities 

V simplify and assure 
more accurate specify- 
ing of your requirements 


he’ll 


aT 


Our new and 
complete catalog 
is just off press 

. write for 
your copy. 
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TRANSFORMER COMPANY 


serving industry since 1928 


18240 Harwood Avenue, 


Homewood, 
Suburb of Chicago 
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Switches, strain gages, inductors 
and transformers, airplane deicers 
and wiring harnesses using this ver. 
satile construction method are dis. 


cussed. (219) 


Application Factors for Two-Phase 
Servo Motors, June 1955, 12 pages, 
Discussion of the operating charag. 
teristics and the principles of opera. 
tion of two-phase induction motors 
used as control elements in feed. 
back systems. A minimum of math- 
ematical analysis is employed. (218) 








Impact of High-Energy Radiation op 
Dielectrics, June 1955, 20 pages, 
In a_ special staff report basic 
facts of high-energy radiation are 
given; research programs are sum- 
marized; specific radiation-resist- | 
ance data on various dielectric ma- | 
terials are tabulated; design factors 
and techniques are analyzed. Over- 
all impact of nuclear power and 
radio-active devices on design js 


discussed. (217) 

































Progress in Electron Tube Reliability, 
May 1955, 12 pages. Report on 
means used to determine tube de- 
ficiencies in variety of difficult 
applications and how numerous de- 
sign changes affected much im- 
provement. (216) 


Guided Missiles Make New Demand; | 
on Relays, May 1955, 12 pages. 
Report on the Third National Con- 
ference on Electromagnetic Relays | 
at Oklahoma A. and M. Colleges 
stresses the rugged environments 
imposed by guided missiles and 





notes status of standards move 
ment. (215) 
High - Potential Dielectric Strength 


Testing, May 1955, 12 pages. De- 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments | 


available. (214) 4 
Transistor Switches Improve Mag: 
netic-Amplifier Performance, Apri 


1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation | 
resembling that of a mechanical | : 
rectifier, provide the desirable com | 
bination of low leakage and low | 
forward drop. (213) 


Miniature Photocells, April 1955, 8 
pages. Review of commercially 
avail: ible cadmium sulfide and lead | 
sulfide photoconductive cells. They | 
are virtually insulators in darkness 
and conductors under light by 4 
factor of 100,000. Very — small 
quantity needed for useful photo 


cell. (212) 
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Electro-Snap Switches Can Be Adapted to Almost 


ors Any Job — Quickly, Easily, Economically Q 3 
me Just choose the Electro-Snap Basic Switch that meets your elec- 
lis. trical requirements, add the proper actuator — and presto! — _ 
19) you have a tailor-made precision switch that exactly fits your 
application. Electro-Snap makes a wide variety of stock actu- 
a ators to fit almost any requirement. And our engineering depart- 
a ment is at your service if a standard combination “won't fill 
the bill.” 
Ta- 
oe For prompt action on your switching problems, send us a brief 4 
ed- description and rough sketch of the switch you need. 


SUB-MINIATURE 
SWITCHES 
TYPE E-4 


§.P.D.T., 1 circuit; 5 
amps, 125/250 v. AC 





wr 


Operating force Push Ballon Toggle Actuator Roller Leaf Actuator 
Double Toggle 
150 grams max. Actuator ov or eteutes 
: onstant 
Exceptionally Contact) 


vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 
F. operation. 





Extension 
Leaf Actuator 





TYPE S SWITCHES 










Series $1 
S.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever Roller Actuator 
250 v. AC/ 30 v. DC. Ind. Screw Actuator 


<™ 









or solder terminals on ends or one 
side of switch. Also available 
with reset button at bottom of 
switch or in Type S-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one. 


Push Button Actuators 
(Various button sizes available) 






Toggle Actuator 
(momentary or 
. constant contact) 






Special Push Button 








a8 at lao ‘Seer 
Mag: - es HERMETICALLY-SEALED 
ne “ DOUBLE-POLE SWITCH 
tihers, 
ration | 
anical 
» COM ne 
1 low ~ ’ Roller Leaf Roller Lever Leaf Actuator — 
ctuator i 
(215) |  DOUBLE-POLE maaan - l@ @ 
55 8 SIMULTANEOUS ACTION ah 


td 


rcially TYPE D-8 





1 lead | D.P.D.T., 4 Circuit 
They 15 amps, 125/250 v. AC. Type J2-4 Toggle Actuator 
rkness 10 amps, 30 v. DC Ind. ae 


Eight terminals and four separate cir- 





by 4 ; D.P.D.T., 4 circuit 10 amps, 125/ 
ail cuits which operate simultaneously per- 250 v. AC/30 v. DC. 
aa mit switch to reverse 3-phase motors, 
oto- | i 
P 919) ne Extension Leaf Push Button Actuators 


Actuator (Various button sizes available) 








‘TURING 


ELECTRO-SNAP SWITCH & MFG. CO. 4220 West Lake Street, Chicago 24, Illinois , 
“ __ MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION 
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ayed Metal 


ae : 


equipment fabricators find tough, 
high-quality sprayed metals 
build big bonus pay-offs 


Modern metallizing—metal spraying—which for many 
years has saved millions of maintenance dollars by restor- 
ing worn machine parts for thousands of companies, is now 
helping many others improve their products, cut produc- 
tion costs. 


In the production of new equipment, tough sprayed metal 
coatings provide highly desirable mechanical or electrical 
characteristics at low cost, in high speed, semi-automatic 
production. 


General Electric, for example, a long-time user of metalliz- 
ing to provide superior wearing qualities on critical areas 
of large turbine shafting, now applies sprayed metals to a 
wide range of its products. Many forward-looking com- 
panies have instituted investigative programs in their re- 
search and design labs to explore the use of metallizing as a 
means of giving their products competitive advantages in 
quality, or performance or price—or all three. 


Metallizing may be able to help your company improve its 
products, economically, reduce machine maintenance costs, 
cut your bills for corrosion protection. It may pay you well 
to look into it. In any event you will find it a fascinating 
subject. Bulletin 51 illustrates and describes ““Metallizing 
its practical applications” — shows actual work being done 
in users’ shops. We shall be happy to send you a copy. 





in Great Britain: 


Soldered 


Nomographs as 


1113 Prospect Ave., Westbury, L. |, New York + cable: METCO 


Telephone: EDGEWOOD 4-1300 
METALLIZING EQUIPMENT COMPANY, LTD.— Chobham near Woking, England 


Embedded Circuits and Components, 


April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation is 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. (211) 
Connections, November 
1954, 4 pages. Repeated requests 
for quantity reprints of this practical 
article on soldering methods and 
the recognition of common defects 
led the editors to make copies avail- 
able on individual request. (210) 


Practical Approach to Magnetic-Am- 


Design, March 1955, 12 
pages. A method is described in 
step-by-step detail for 
magnetic-amplifier circuits without 
resorting to complex mathematical 
(209) 


plifier 


designing 


procedures. 


Wafer-Coil Technique for Transform- 


ers, February 1955, 4 pages. Slit 
rolled foil method eliminates many 
hand operations in transtormer pro 
duction. Conductors may be equiva- 
lent to very fine wire. (208) 


Stainless Steel Finish Effects, January 


1955, 8 Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fin- 


ishes obtainable on stainless sheet 
(207) 


pages. 


and strip. 


Engineering Work- 
sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 
justified. (206) 


New Molding Processes for Printed 


Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-molded capacitors). Tech- 
niques developed at the Diamond 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
units described. (205) 


Research Progress in Dielectrics 1954, 
December 1954, 12 pages. First 
hand summary and interpretation of 
Conference on Electrical Insulation 
reported each year by ELECTRICAL 
MANUFACTURING. (204) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. These multiple, 
reprints are listed by titles, immedi- 
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ately following the single article 
reprint listings. Address: John A. 
Campbell, Director Reader Service, 
ELECTRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Electrical Insulation and Dielectrics— 
1955, 136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANFACTURING. Ths volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons, 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Applying Magnetic Amplifiers, 72 
pages. Multiple Reprint No. 1A. 
Second edition of this popular 
booklet. has been expanded to in- 
clude more recent feature articles 
in addition to the series by Dorn- 


hoeter and Krummenacher. For an i 
annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


Designing Servomechanism Systems, 
96 pages. Multiple Reprint No. 3. 
Thirteen feature articles or related 
phases of design of feedback con- 
trol or servo systems and servo ap- 
plications, including the series of 
four articles by Herst. For a com- 
plete list of the contents of this 
booklet see April 1954, page 358. 

$2.50 


Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates. 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
sociated assembly methods. For an- 
notated list of articles see page 332 
of the June 1954 issue. $2.00 


Multiple Reprints at Quantity Prices 

Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 2.25 1.85 
Servo System Design 1.25 1.00 
Magnetic Amplifiers 1.35 1.10 
Printed Circuits 135 1.10 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company. 
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Metallized copper on ceramic 
base resistors permits 
soldering of pigtails. Photo 
courtesy Friez Instrument 
Division, Bendix Aviation Corp. 


\,” of sprayed Jead on 
this cast aluminum x-ray housing 
protects operator from radiation. 
Any thickness can be applied. 
Photo courtesy Metal Spraying 
Corp., Milwaukee, Wis. 


Modern metallizing—sprayed metal—has found many appli- 
cations in the production of electrical and electronic equip- 
ment. Originally metallizing was used to provide a soldering 
base on non-metallic materials in components such as resis- 
tors, capacitors and meter faces. Today, its use has spread to 
applications in shielding, the production of other types of 


electrically reflective surfaces and in the replacement of wired 
circuits. FREE 


——— SS 








We have prepared a bulletin which illustrates and | Se‘2yed Metal Coatings 


describes a wide range of these applications. It also |——— oot 


provides engineering data on bond strength on metal- |= 
lic and non-metallic materials, conductivity charac- | 
teristics, permissible coating thicknesses, circuit tests, | 
as well as a description of surface preparation and | 
spraying methods. A copy of Bulletin 120 “Sprayed | 
Metal Coatings,” will be sent on request without charge. |’ 


Ca 






1113 Prospect Avenue 
Westbury, Long Island, New York 


Please send me Bulletin 120. 
NAME 


TITLE 
COMPANY 
ADDRESS 


CITY ZONE STATE 









ay Westbury, L. I., N. Y. e Great Britain: Chobham near Woking 
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your “special” transformers are 


| 


stock units at 


Most CHICAGO-STANCOR trans- 


formers are available in at least 


CHICAGO-STANCOR 
transformers are the 
logical choice for 


@ Industrial and mil- 
itary research and 
instrumentation 


three different mountings and 


@Prototype produc- 
tion 


terminal types .. . some in as many 
@Amateur and com- 
mercial broadcast- 


ing 


as six! You can get the one that is 
@Communications 
@ High fidelity 
@Public address 


best for your job... and get it fast, 
stock, through 
your CHICAGO- 


STANCOR distributor. 


from 


RPE ES PEEP EP ENED SOO WOE Pee aeaee 


H Type C and TD Types 


9 & 


4--------------- 


S Type 


g 


B Type 


o 


V and C Types M Type 


FREES: cnicaco 


STANDARD catalogs 
listing over 1000 
transformers for 
original equipment 
and replacement 
applications. 


A, J, L. and U Types 


FS Type 


CHICAGO STANDARD TRANSFORMER CORPORATION 


ADDISON AND ELSTON 
CHICAGO 18, ILLINOIS 


qd eee eee eee eee pee oeooeeeeeeeeee= 


Export Sales: Roburn Agencies, Inc 
431 Greenwich Street, New York 13, N. Y. 
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High-Density Tape Recording 


for Digital Computers 


(Continued from page 153) 


Shielding between the heads reduced 
the crosstalk signal somewhat, but the 
residual noise-to-signal ratio of 20 to ] 
was still intolerable. Since the sprocket 
head was located between the two 
recording heads, it was possible to re- 
duce by a significant amount the cross- 
talk signal. This was accomplished by 
orienting the windings of the recording 
heads so that they were in opposition 
to each other, thereby causing their 
magnetic fields to cancel. However, 
some crosstalk was still present be- 
cause of slight geometric differences 
between the heads, minor differences in 
the signal levels, and a small capacitive 
coupling to the sprocket head. To sup- 
press further the crosstalk signal, ad- 
vantage was taken of the fact that the 
two signals with which the sprocket 
channel amplifier is concerned are made 
up of widely different frequency com- 
ponents. The desired signal from the 
tape consists of packets of nearly pure 
sine waves, whereas the undesired cross- 
talk signal is made up primarily of 
much higher- frequency components 
since it is induced by a recording pulse 
which is only two microseconds in dura- 
tion. A low-pass amplifier was used to 
reduce the crosstalk signal to one-fifth 
the amplitude of the This 
within of dis- 
crimination means. 

The information channel circuitry is 
nearly identical with the sprocket chan- 
nel circuitry; the main difference is in 
the reading amplifiers. While the 
sprocket channel amplifier was pur- 
posely designed to suppress the high- 
frequency the information 
channel amplifier has no such require- 
ment. A_ satisfactory design was 
achieved simply by reproducing the 
sprocket channel amplifier with the low- 
pass filter omitted. 


tape signal. 
conventional 


is 


range 


response, 


Although this system has not yet 
been completely tested with a com- 


puter under actual operating conditions, 
it has been given extensive laboratory 
trials to determine its reliability at 
different recording densities. By record- 
ing words of information that contain 
a known number of ones and zeroes, 
it was possible to obtain a fair check of 
the performance of the system by count- 
ing the number of ones 
playback. Without taking any precau- 
tions to prevent errors from tape flaws, 
several runs of one to three million 
digits were recorded and read at den- 
sities of 500 to 600 digits per in. with- 
out apparent errors. 00 


or zeros on 


QD 
/ 
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CHOOSE THE RIGHT LATCH 


TO DO THE JOB BEST! 























—<me 
ced 
i DOOR AND PANEL LATCHES 
0] 
‘ket } 
two 
: UNIQUE DESIGNS ASSURE LOW INSTALLED COST 
OSS- 
by Here’s a variety of rugged, smooth-operating door 
ling | fasteners designed for countless applications where 
— 2 both economy and smart appearance are important. 
heir FOR ECONOMY eee Built for long life, SOUTHCO latches hold panels 
we, and other closures pressure tight to resist vibration 
be- LONG LIFE nee and keep out dust . . . despite variations in door and 
“es frame thicknesses. 
iss EXTRA SALES APPEAL ee For speedy, uncomplicated installation, using a mini- 
awe mum of parts and requiring fewest possible tools, 
io SOUTHCO latches are unexcelled. 
ad- ; 
the | 
cket 
ade | 
‘om- | 
: 
the 
pure 
ross: | 
y of f 
ents UNIVERSAL CABINET LATCH ADJUSTABLE PAWL FASTENER SLIDING LATCH 
ulse For extra fast installation on Automatically adjusts, by a Seals door and frame together 
jura- all sheet metal doors. No welds, turn of the knob, to various door under pressure with just a turn of 
d to bolts, screws, or rivets needed. or frame thicknesses. Pre- the knob. Permits easy alignment, 
fifth Adjustable to any grip length. assembled for fastest installation. smooth operation. No part of 
ald Brightly finished knob and plated Knobs are brightly plated to im- latch is inside door. Appearance is 
This washer make this an appealing prove appéarance of equipment. suitable for the best finished prod- 
dis- fastener for smart appearing Choice of three body sizes. Choice ucts. Also an inside model with 
\ cabinets. of pawls offers wide variety of only locking screw visible. 
y io adjustable grip lengths. 
han- _ 
is in | | 
the acai 
pur- * 
1igh- |} a 
wa Which of these SOUTHCO latches 6 ee 
- can serve you best? Write us for Pp Rw 
the 
loos a full information. Southeo Division, l 
: i Si i 
a South Chester Corporation, 256 | ARROWHEAD PANEL LATCH DOOR LATCH ——~ 
com- Industrial Highway, Lester, Pe. Ideal for slide-out drawers, Meets the need for a low- 
ions, | removable or hinged panels. Locks budget fastener for control boxes, 
sory or opens quickly with a quarter machinery, hot water heaters, and 
oe turn. Holds doors shut under other light gauge sheet metal 
y at spring tension. Uses minimum closures for home or industrial 
cord- ©1955 inside space. use. Just two simple parts, in- 
atain stalled in seconds with only a pair 
patie of pliers. No striker plate needed. 
Fae Also available in a screwdriver 
ck of operated model. 
ount- sited 
son | 2 PAWL - SCREW AND SPRING - 
ee FASTENERS DRIVE RIVETS - ANCHOR NUTS. 
laws, 
‘Ilion i ENGINEERED SPECIALTIES 
den- 
with- OPFICES tw PRINCIPAL. CEBEIES 
O00 | WHEREVER TWO OR MORE PARTS ARE FASTENED TOGETHER; STANDARD AND SPECIAL DESIGNS FOR IMPROVED PERFORMANCE AND LOWER PRODUCTION COSTS 
URING 
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ELECTRICAL CONTACTS 





i 
I 
E 
SELECTED FOR 's NEW 


“E” FRAME CIRCUIT BREAKER 


The new I-T-E “E” frame circuit 
breaker marks a significant ad- 
vance in obtaining high ratings 
for small breakers. The “E” 
frame design now provides rat- 
ings up to 100 amperes at 250 
volts a-c, in a more compact 
breaker than previously required. 
The resulting space-saving ad- 
vantage means smaller over-all 
size of 100-ampere, 250-volt 
panelboards. 

A contributing factor in the 
success of this development was 
the adoption of Gibsiloy silver- 
tungsten electrical contacts. 

The use of Gibsiloy contacts 
helps make possible the efficient 
performance of the “E” frame. 
And, Gibson-developed contacts 
in the “E” frame breaker are 
small and economical without 
sacrificing any of the qualities 
necessary for dependable per- 
formance through constant duty. 

I-T-E, in the development of 
the “E” frame breaker—with in- 
creased rating, compact design, 
and economy of operation— 
drew from Gibson’s 23 years’ ex- 
perience and ability to provide 
the right electrical contact for 
their new breaker. Call on Gib- 
son to help solve your contact 
problem. 


Write for free Gibson Catalog C-520 
giving much useful technical data on 
electrical contacts. No obligation. 


CONTACT GIBSON FIRST 


a e 
ibsiloy 
ELECTRICAL CONTACTS 


GigSon Etectric COMPANY 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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Industrial Designers Change Name, 
Elect Officers 

To emphasize its national character 
and its relation to other domestic and 
foreign industrial design societies, the 
Society of Industrial Designers changed 
its name to American Society of Indus- 
trial Designers at its 11th annual meet- 
ing held in Washington, D. C., Oct. 
6-8. The meeting heard panels discuss 
the effect of 


design. 


automation on industrial 
design of industrial 
equipment, and motivation research. 
The ASID also installed a new set of 
officers. 


heavy 


Muller-Munk of 
Arthur N. 
BecVar, manager of industrial design. 
Major Appliance Division, General 
Electric Co.. Louisville. Ky. He had 
served as vice president the previous 


Peter 
Pittsburgh as president is 


Succeeding 


term. New vice president of the society 
is Jay Doblin, director, The Institute 
of Design, Illinois Institute of Tech- 
nology, Chicago. Secretary is Kenneth 
\. Van Dyck of Currie and Van Dyck, 
Southport, Conn., and the new treasurer 
is Eugene W. Gerbereaux, associate, 
Henry Titus Aspinwall, Port Washing- 
ton, N. Y. 

Dave Chapman, Chicago, acted as 
moderator for the panel on “Effect of 
\utomation on Industrial Design,” 
which included as speakers John Die- 
bold, consultant, New York, and Joseph 
Harrington, Jr., mechanical 
Arthur D. Little Inc., 
Mass. 

Robert H. Hose, partner of Henry 
Dreyfuss, New York industrial de- 
signer, acted as moderator for the panel 
“Designing Industrial Equipment.” Out- 
lining the contribution of industrial de- 
signers in this field, Mr. Hose said: 
“Appearance is only one of a series of 


division, 
Cambridge, 


considerations that the designer applies 
in his thinking on industrial equipment 
development program. The major prob- 
lems are those pertaining to conve- 
nience of use, ease of operation, ease of 
maintenance, safety, cost and in many 
cases. those psychological considerations 
which tend to more practically inte- 
grate the efficiency of the machine and 
the man operating the machine. Last 
upon the list should come appearance 

that intangible which qualitatively 
expresses the character of the machine. 
“The character of industrial equipment 
may be quite different appearance- 
wise than the character of other prod- 
ucts sold over the counter or through 


light commercial channels,” Mr. Hose 
continued. “It certainly is not impor. 
tant to have a heavy machine look 
‘high-style’ or cute. Those factors of 
design pertaining to form and function, 
the rightness of controls, the appropri- 
ate use of materials. the proper selec- 
tion of techniques to assemble its parts 
and the general character of the entire 
instrument as it relates to human use, 
which 
combined in a physical entity express 
the true and right appearance of in- 
dustrial equipment.” 

Another member of the panel. J. M. 
Little. Toledo 
“The future of the industrial designer 


are the factors when properly 


designer. concluded: 
in affecting the design of production 
equipment has only begun. It is now 
about to explode in our faces. and the 
shortage of qualified industrial design- 
ers is more acuie than that of engineers 
in this field.” 

In his presidential address, Peter 
Muller-Munk said that industrial de- 
sign was on trial and would have to 
prove its economic and social worth 
in the next ten years if industrial de- 
mocracy is to survive. He linked in- 
dustrial design with management and 
science as the three decisive influences 
on the survival of industrial democracy. 
The industrial designer translates the 
message of science and of management 
into forms of beauty and desirability 
so that the consumer can understand 
them, use them, and enjoy them. Mr. 
Muller-Munk stressed the achievements 
of industrial design in bringing good 
taste to people at prices they can afford 
and in forms they can understand and 
enjoy. 

The motivation behind the consumer’s 
choice of one item over another and 
ways of evaluating such motivations was 
discussed by a panel led off by Joel 
Harnett of Look magazine and partici- 
pated in by Esther Foley of McFadden 
Publications Inc.: Albert Kner, Con- 
tainer Corp. of America. James McD. 
Vicary, opinion research consultant, 
and D. L. McFarland, Small Appliance 
Div., General Electric Co. A. R. Mor- 
row, associate of Raymond Spillman. 
acted as coordinator. 


NEMA Wire and Cable Section 
Elects Officers 


The Wire and Cable Section of the Na- 
tional Electrical Manufacturers Asso- 
ciation. New York, elected the following 
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More POWER with Less Amps! 






erformance- ated 


FAN MOTORS 


HELP SOLVE YOUR LOAD AND 
POWER FACTOR PROBLEMS 


In air conditioning or ventilating equipment, you can 
reduce starting current, reduce running current and in- 
crease power factor with these new Century Fan Motors. 
They are Performance-Rated for air conditioning manufac- 
turers who are faced with new load and power factor prob- 
lems. Fan manufacturers find advantages in their short 
length, light weight, multi-speeds and easy reversibility. 


In your product and in your plant, Century Motors are 
Performance-Rated to fit your needs. For information, call 
your nearby Century Sales Office, or write us direct. 


Type C, Permanent Split Capacitor... round 
frame, single speed, reversible—also avail- 
able with cushion mounting. 


AAR AMMEN 


Type CM, Permanent Split Capacitor . 
round frame, 2 or 3 speeds, all reversible— 
also available with cushion mounting. 





CE-8R 


© 
erformance- ated 
1/8 to 400 H. P. 


CENTURY ELECTRIC COMPANY 


Visit Century booth 508 - Air Conditioning & Refrigeration Exposition 
Atlantic City, November 28 to December 1, 1955 





1806 Pine St., St. Lovis 3, Mo. © Offices and Stock Points in Principal Cities 
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CONSULT 





Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 


Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as “FUEL LOW”, 
“ON”, “OFF”, etc. 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 





Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 114” lenses. 


Every assembly is avail- 
able complete with lamp. 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap- 
prox. 70% actual size 
..+(A) No. 8-1930- 
111 sub-miniature 
pilot light...(B) No. 
§21308-991, with mul- 
tivue cap...(C) No. 
922210-111, dimmer 
type...(D) No. 47901 
with light shield cap. 


















Write for Catalogues 


DIALIGHT 


CORPORATION 





Nov. 2-3 — Electric Motor Ball 
Bearing Conference; New Depar- 
ture Division, General Motors 
Corp., Hotel Statler, Hartford, 
Conn. 


Nov. 3-4—Eighth Annual Elec- 
tronics Conference; Kansas City 
Section of the IRE, Town House, 
Kansas City, Mo. 


Nov. 7-9—FEastern Joint Compu- 
ter Conference; AIEE, IRE, and 
ACM (Association for Computing 
Machinery), Hotel Statler, Bos- 
ton. 


Nov. 13-18—Seventy-Fifth Anni- 
versary Annual National Meeting, 
American Society of Mechanical 
Engineers, Conrad Hilton Hotel, 
Chicago. 


Nov. 14-17—Second Automation 
Exposition, Navy Pier, Chicago. 


Nov. 14-18—Chicago Exposition 
of Power and Mechanical Engi- 
neering, American Society of 


officers at its annual meeting held at 
Skytop, Pa., Sept. 26-28. 

The section re-elected as its chairman, 
A. D. R. Fraser, president, Rome Cable 
Corp., Rome, N.Y. It re-elected as vice 
chairman, H B. Bassett, president, The 
Acme Wire Co., New Haven, Conn.; 
and elected as a second vice chairman, 
B. F. Ilsley, general manager, Wire 
and Cable Department, General Elec- 
tric Co., Bridgeport, Conn. 

The Wire and Cable Section repre- 
sents 38 producers of wire and cable 
products. Their annual sales total is 


over $1 billion. 


Mr. Fraser, chairman of the section, 
outlined a greatly expanded program 
for the section. It is expected that a 
number of Joint NEMA-IPCEA Stand- 
ards will be issued during the coming 
year. 


Ball Bearing Conference to Feature 

Open Panel Discussions 

Featuring seven open-panel discussion 
meetings, a Conference on Electric 
Motor Ball Bearings will be held at 
the Hetel Statler, Hartford, Conn., 
sponsored by New Departure Division, 
General Moters Corp. 





Calendar of Meetings 


Mechanical Engineers, Chicago 


Coliseum, Chicago. 


Nov. 14-18— Annual Meeting; 
National Electrical Manufactur- 
ers Association, Traymore Hotel, 


Atlantic City, N.J. 


Nov. 16-18 — Annual Meeting; 
Society for Experimental Stress 
Analysis, Hotel Sheraton, Chi- 
cago. 


Nov. 25-30— Annual Meeting; 
The American Society of Mechan- 


ical Engineers, Statler Hotel, 
New York. 
Dec. 1-3— Annual Meeting of 


The American Society of Refrig- 
erating Engineers, Traymore Ho- 
tel, Atlantic City, N.J. 


Jan. 18-20—Annual Conference; 
Society of Plastics Engineers, 
Cleveland, Ohio. 


Jan. 30-Feb. 3—Winter General 
Meeting; American Institute of 
Electrical Engineers, Statler Ho- 
tel, New York. 


Panel Sessions will be devoted to: Ef- 
fect of Ball Bearing Characteristics on 
Electric Motor Performance; Factors 
which Influence Ball Bearing Perform- 
ance in Electric Motors; Special Ball 
Bearing Problems Relating to Portable 
Tool and Woodworking Equipment; 
and Special Ball Bearing Problems Re- 
lating to Household Appliances, Blow- 
ers, Air Conditioning Equipment. 

Other panel meetings will consider: 
Special Ball Bearing Problems Relating 
to Vacuum Cleaners; Special Ball Bear- 
ing Problems Relating to Gear Head 
and Variable Speed Motors, Deep Well 
Pumps and others; and New Departure 
Engineering Activities Relating to the 
Anticipated Ball Bearing Requirements 
of the Electric Motor Industry. 

Typical of the coverage given to each 
panel subject are the topics scheduled 
for consideration at the first two panels 
listed above. The first will consider 
internal bearing design, bearing toler- 
ances, and sources of noise. In the 
second, topics will include lubrication, 
closures, and mounting and assembly. 

Engineers from the sponsoring com- 
pany and outside specialists will cover 
each basic topic. The subjects will be 
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/his NEW TEST KIT of 


GLOBAR 


NN 


Type H THERMISTORS 
may helo solve your circuit problems 


Load 
Quantity Cat. No. R@25°C B Constant Watts 
3800 


2700 














KIT No. 2 Type H THERMISTORS price $24.50 
to evaluate use of GLOBAR® Type H Thermistors for 


@ Providing time delays in 
relay and solenoid circuits. 


@ Temperature compensation 
in meters. 


@ Controlling remote 
temperature-indicating 
devices. 


@ Temperature compensation 
in field coils. 


@ Protective resistors in 
series filament circuits of radio 
and television receivers. 


@ Temperature compensation 
in transistor circuitry. 


@ Stabilization of television oscillator circuitry during warm-up. 


OTHER TEST KITS 


of GLOBAR® Ceramic Varistors 
and Thermistors now available 
for design and application use 
include: 


KIT No. 1 PRICE $29.25 
Type F THERMISTORS 


@ To evaluate series filament circuit applications 
in radio and television receivers. 


R@ Rated load 
Quantity R@ 25°C Current B Constant] Wotts 
6 763 15 0.5 


6 100 ohms 
@ 150 ma 

40 ohms 
@ 300 ma 


20 ohms 
@ 600 ma 


35 ohms 
@ 600 mo 






















43 ohms 
@ 600 ma 


KIT No. 3 PRICE $20.00 
Type BNR VARISTORS 
@ To evaluate reduction of surge voltage peaks 


and contact arcing time; stabilizing speed volt- 
age and amplifier gain. 


100000 @ 10 volts 
100000 @ 100 volts 





ee ae 
[24000 @ «0 vein [1.0] 





KIT No. 4 PRICE $18.25 
Type F, Type BNR VARISTORS and THERMISTORS 


e@To evaluate stabilizing rectifier circuits by 
limiting peak voltages. 


Type BNR lood 
Quantity Cat. No R @ Calibration Voltage Watts 


025 
Cot. No 











200000 @ 10 volts 

lood 

% Wotts 
76 1500 


763 120 1750 


an Se; 
a 
= 
ae 
i 


| 0.50 
|_0.50__ | 





EACH KIT CONTAINS 36 resistors 
—6 of each specified type, packaged in attractive 
transparent plastic boxes. Pertinent engineering 
bulletins giving detailed engineering data are sent 
with each kit. Kits will be shipped postpaid to 
any point in the United States and Canada. All 
resistance values specified carry standard pro- 
duction tolerance. 


GLOBAR Division 
THE CAR BORUNDUM COMPANY 


ORDER 


Dept. EM 87-55, Niagara Falls, New York NAME TITLE 
YO U ee K iTS Piease ship kits as follows: 
| ee 
ag ow (Quantity) (Quantity) 
aeae8 
<p d gunna 
i (Quantity) . (Quantity) — 


use this Handy Coupon 


7 Check enclosed (to which we have 
added applicable local tax) 


|__| Please invoice us. 
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Please send FREE engineering bulletin on Kit No. 
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OVER 2300 
STANDARD SIZES 







Yes - Sizes from 12x12" to 60x90" 
.. . we have them all and they all 
comply with J. 1. C. specifications 
for junction boxes. 


Send for Standard Size 
and Price List. 


Standard Price includes: 
1. Prime Coat 

Neoprene Gasket 

Sub Panel 

Mounting Lugs 

Captive Screws 


We fabricate custom 
[> 


aA WN 


enclosures of all types 


H.F. COX 2 ef; SA eet elt Ae 








SU N = PLI a new line 


of laminated insulating materials for 
Class “A” and “B” operating temperatures 


SUN-PLI insulations offer these four improvements over current laminated types: 


© high dielectric properties @ heat stability 
© increased moisture resistance © better mechanical strength 


Electro-Tech’s new SUN-PLI insulations consist of a polyester film bonded 
with a heat-resistant laminating adhesive to rag paper, kraft paper, treated 
asbestos paper and varnished glass cloth. They are suitable for use at both 
Class “A” and Class “B” operating temperatures as sheet and slot insulation, 
coil and relay insulation, and motor and dry-type transformer insulation. 


SUN-PLI Rag for Kraft tri-ply and duplex combinations offer excellent forming properties 
as slot insulation. 


SUN-PLI Varnished Glass combinations offer increased dielectric properties and protect 
against loss of dielectric strength from forming. 


SUN-PLI Asbestos paper combinations provide improved mechanical and electrical strength 
pilus high moisture resistance. 

Available as Duplex (SUN-PLI film bonded to a single sheet of material ), 

Tri-ply (SUN-PLI film bonded to both sides of the same or different ma- 

terial) and Triplex (SUN-PLI film sandwiched between similar or different 

materials) in sheets, tapes or 36-inch-wide rolls. 


For information write Dept. E9-112. 





A Division of Su Chemica! Corporation 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN + HUDSON + WILLEY (paints, maintenance and construction materials, industrial coatin s) ° 

WARWICK (textile and industrial chemicals) » WARWICK WAX (refiners of specialty waxes) * RUTHER- 

FORD (lithographic equipment) » SUN SUPPLY (lithographic supplies) » GENERAL PRINTING INK (Sigmund 

Uliman + Fuchs & Lang + Eagle * American + Kelly » Chemical Color & Supply Inks) * MORRILL (news inks) 

* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) » PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 


Electro-Technical Products 
Nutley 10, N. J. 
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introduced with a short talk. briefly 
defining and explaining the problem 
and will then be followed by an open 
question and answer period. Additional 
information may be obtained from the 
Electric Motor Ball Bearing Conference 
Committee, New Departure Division, 
General Motors Corp.. Bristol, Conn. 


Air Power Trophy Awarded 

to E. P. Schinman 

Edward P. Schinman. president, Bogue 
Electric Manufacturing Co., Paterson, 
N.J., is the recipient of the 1955 Air 
Power Trophy, highest honor awarded 
by the Air Force Association New Jer- 
sey Wing. The presentation was made 
at the Seventh Annual Convention of 
the Air Force Association New Jersey 
Wing in September. at the Robert Treat 
Hotel, Newark. N.J. 

During World War II. ground-support 
equipment for the Air Force was pro- 
duced under Mr. Schinman’s direction 
and in recent years he has continued 
to devote his efforts to the development 
of ground-power supplies for pre-flight 
aircraft testing. Honoring his pioneer- 
ing research in this field, the New 
Jersey Wing last vear presented Bogue 
with a 1954 Air Power Achievement 
(ward. 

The Air Force Association is an inde- 
pendent, non-profit organization devot- 
ing its efforts to assisting in obtaining 
and maintaining adequate air power 
for national:security and world peace. 


ASTE Names Technical 

Program Director 

Col. Leslie S. Fletcher. research direc- 
tor of the American Society of Tool 
Engineers’ Research Fund, has_ been 
named program director for the Soci- 
ety’s 1956 annual meeting technical 
sessions. The sessions will be held in 
conjunction with the ASTE Industrial 
Exposition, which is being held in Chi- 
cago’s _ International Amphitheatre, 


March 19-23. 


ASHAE Nominates Officers 


John W. James, vice president of re- 
search, McDonnell & Miller, Inc.. Chi- 
cago, Ill., has been nominated for 
president of the American Society of 
Heating and Air-Conditioning Engi- 
neers. He is now first vice president of 
ASHAE, and has served the Society as 
second vice president in 1954 and as 
treasurer in 1953. 

Members will vote by mail in De- 
cember upon receiving proxy ballots 
and official notice of the 62nd Annual 
Meeting. The new officers will be in- 
stalled at that time. The meeting will 
be held Jan. 23-25 in the Sheraton- 
Gibson Hotel, Cincinnati, Ohio. 

Mr. James has been an active mem- 
ber of ASHAE for over 22 years. From 
1935 to 1943 he served as technical 
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: fast service , 


- / short hauls 






in 
rial 
chi- 
tre, 
Hussey Warehouses—seven of them strategically located in 
the heart of America’s greatest industrial area—are com- 
Te pletely stocked to give you immediate service on all forms of 
Chi- a copper and brass. And, hauls are short regardless of your 
~ as location because there is a Hussey Copper and Brass Ware- 
ae te house near you. Make it a point to call the one nearest you 
aye bee ——— when you next need copper or brass 
t of | S855 ake y PP ; 
vy as ie 


ae =~ Cc. G. HUSSEY & CO. 


(Division of Copper Range Co.) 


De- Rolling Mills and General Offices 
llots Whire PITTSBURGH 19, PA. 
nual 

"sa for your copy of the 
wit 32-page Hussey Cop- 
ton- per Stock List 7 Convenient Warehouses to serve you promptly! 

PITTSBURGH......... GRant 1-3650 CR VMRIE So cc cccic as UTah 1-3838 

1em- CHICAGO. ........ COrnelia 7-2234 NEW YORK CITY..... CAnal 6-6326 
rom CINCINNATI.......... MAin 1-2832 PHILADELPHIA... .STevenson 2-4311 
‘ical ee CEntral 1-9192 
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There's (eg about 


BRASS AND 
ALUMINUM NUTS 


COUNTERSUNK BOTH SIDES 


All nuts are not 

the same. Fischer brass 
and aluminum nuts, for 
example, are precision 
turned ... making possible 


new economies in assembly 


operations. 


eB | 
ks’ You pay no premium 
for this extra quality... 
Fischer turned nuts cost 
no more than those 
produced by other, less 
accurate methods. 


&) A complete range of 
standard types and sizes 


is stocked at the factory... 


“specials” are produced 


quickly and inexpensively. 


C-271-FS 
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99 


CLASS 2 PRECISION THREADS 


tac me 


SPECIAL MFG. CO. 


421 Morgan St. 
Cincinnati 6, Ohio 


Write today for 


complete catalog 





secretary of the Society, during which 
time he also was editor of the Society’s 
Heating Ventilating Air Conditioning 
Guide. He served two terms on the com- 
mittee on research, and in 1949 was 
vice chairman of this committee. 


AIEE Approves New Award 


| A new award for members of the Amer- 
| ican Institute of Electrical Engineering 
who have attained outstanding achieve- 
ment “in some particular field of elec- 
trical engineering or electrical engi- 
neering education,” has been voted by 
| the AIEE Board of Directors. 

The award, which will consist of a 
medal and a certificate, was proposed 
by the Members-for-Life Committee 
and will be supported by the Members- 
for-Life Fund. The first presentation 
will be made at the Fall General Meet- 
ing of the Institute at Chicago in 1956 
and will be made in the field of Edu- 
cation. 

The medal will be the third awarded 
by AIEE to members who have achieved 
distinction in the field of electrical 
engineering. It has awarded the Edison 

| Medal annually since 1909, and the 
Lamme Medal since 1928. The Institute 
also makes recommendations along with 
other engineering societies for award 
| of the John Fritz Medal, the Washing- 
| ton Award, the Hoover Medal, the Al- 
fred Noble’ Prize the Marston 
| Medal. 





and 


J. H. Bergheim New ARI 
Technical Secretary 


Joe H. Bergheim, Boulder. Colo., me- 
chanical engineer formerly with Du- 
Pont, has beén named_ Technical 
Secretary of the Air-Conditioning and 
Refrigeration Institute in Washington, 
D.C. He succeeds John R. Schreiner, 
who joined the Advanced Engineering 
Department of Carrier Corp. on Oct. 1. 

As Technical Secretary, Mr. Berg- 
heim will serve as coordinator of the 
various engineering and standards com- 
mittees of the Institute and as technical 
advisor to the ARI staff. 


Harry F. Olson Receives 
SMPTE Warner Award 


The Society of Motion Picture and 
Television Engineers selected Dr. Harry 
F. Olson, Radio Corporation of Amer- 
ica, as the recipient of its Samuel L. 
| Warner Memorial Award for 1955. The 
| Award is given to “a candidate who 
| has done outstanding work in the field 
| of sound motion-picture engineering 
and in the development of new and 
improved methods or apparatus de- 
signed for sound motion pictures.” 
Dr. Olson, is director of the RCA 
Acoustical and Electro-mechanical Re- 
search, laboratory, Princeton, N.J. 


. . 
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The practical advantages of this 


micarta molding 


may suggest a better way 


to house your product 


This large molding—made of MICARTA Glass-Reinforced 
Polyester—is currently in wide use as a hood for a 
fluorescent street lighting fixture. A unique combination 
of physical properties led to its selection for this 

tough application. It is immune to any climate—anywhere 
—won’t rust, corrode or warp. It won’t dent, and is 
difficult to scratch. It never needs painting—in fact, 
permanent color can be incorporated right in the 

material itself. Maintenance, of course, is nonexistent. 


Let us show you how a MICARTA Glass-Reinforced 
Polyester Molding can be styled to provide a better 
housing for your product. Write Westinghouse Electric 


Corporation, MICARTA Division, Hampton, S. C. 
J-06610 


you CAN BE SURE...1F ITS 


Westinghouse 
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PRODUCTION COST 









SCREWDRIVERS 


assembling automobile 
arm rests 


@ These two machines maintain a production rate in 
excess of that previously attained by six hand operations, 
effecting an immediate saving of 667/43%. This versatile 
equipment, used in prominent plants everywhere, can be 
adapted to your individual needs—So, get more action in 
your Assembly Department now—more speed—more 
profit. Write us, give details and our trained engineers will 
work out the proper solution of your problem. 


AS a te 


2817 W. 
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FORT ST. 


DETROIT 16, MICH. 





Manufacturers 
Publications 





For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source, 


MAGNETIC SHIELDS — Catalog MS-104, 
Magnetic 
Shields,” describes a variety of stand- 
ard magnetic shields. It provides data 


“Performance - Guaranteed 


on shield alloys. the dry hydrogen an- 
nealing process used for controlling 
shielding properties, fabrication, and 
finishes. Also discussed are mounting 
brackets and availability of single or 
multiple nested shields made from Mu- 
Metal alone or with alternate layers of 
MuMetal and copper. Write on company 
letterhead to Magnetics. Inc., Butler, Pa. 


TUBES FOR INDUSTRY-— Illustrated 20- 
page booklet (Form No. RIT-104) 
contains technical data on 130 small 
industrial tubes including Special Red 
tubes, premium-tubes, pencil-type tubes, 
computer tubes, glow-discharge tubes, 
small thyratrons, and other special 
types. In addition, a chart is included 
listing RCA types intended for govern- 
ment end-use only. A fee is charged 
for this booklet, copies of which may 
be obtained for $.20 each from Com- 
mercial Engineering, Tube Division, 
Radio Corporation of America, Harri- 


son, N. J. 


MOLDED PLASTICS PARTS—Twelve- 
page brochure, “How the Nosco Plant 
Works to Produce Your Needs in Prac- 
tical Plastics,” describes company facili- 
ties and experience in injection molding 
parts to customer specifications. “Heart” 
of the plant is its 27 presses. To ob- 
tain a copy of the brochure, write to 
Plastics, Inc., Erie, Pa. on company 
letterhead. 


GERMANIUM RECTIFIER POWER SUP- 
PLY—Germanium rectifier power sup- 
ply, Model G 125-25, is described in an 
illustrated data sheet. Model G 125-25 
has a voltage range of 115 to 125 volts 
at 25 amp continuous with an efficiency 
of 94 per cent. Specifications and ap- 
plications of the tubeless power supply 
are provided. For a copy of this bulle- 
tin, write on company letterhead to 
Perkin Engineering Corp., 345 Kansas 
St., El Segundo, Calif. 
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ged 
amie When you buy or specify motors for fans, blowers, unit 
om- heaters, air conditioners, cooling towers or dehumidifying 
lon, systems don’t overlook these two new standard or custom- 
_ designed Diehl Totally-Enclosed Motors. 

Smaller in size, lighter in weight, precision-engineered and 
lve- precision-built to new NEMA standards, they are ideally 
lant suited to “air-over-motor” applications where moisture, 
= fumes, dust and other airborne particles 
Clil- ° ° 
ne are a problem...a field in which 
ot” Diehl has long been a leader. 
ob- 

* to 
any 
Type “DIF” Motor (Fan-Cooled) 

OO EE VO ee 
UP- J DIEHL MANUFACTURING COMPANY : 
ais : Electrical Division of THE SINGER MANUFACTURING COMPANY : 
aps ; Finderne Plant, SOMERVILLE, N. J. ; 
= 95, , Please send me the following bulletins: g 
has ; New Type ‘'D’’ Motor Bulletin No. EM-3304 . 
al | §«©=—»- E Consolidated Catalog & Price List No. —M.3310 : 

' 
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INTEGRAL CO Ce ae Tad 11s, MOTORS ARE AVAILABLE IN A WIDE RANGE OF TYPES AND SIZES 
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CIRCUIT DESIGN 
ENGINEERS 


Write to 
ENGINEERING 


STAFF RELATIONS 


HUGHES 


Aircraft Company 


Tucson, Arizona 


for the 
FALCON 
GUIDED MISSILE 





So accurate and deadly iS the Hughes Falcon 
guided missile produced in Tucson, Arizona, for 
the U.S. Air Force, that it has knocked maneuver- 
ing drone bombers out of the air even without an 
explosive warhead. Although its electronic brain 
can outwit any enemy bomber, it is the smallest 
guided missile in production. 

Because of this small size and consequent ex- 
treme miniaturized packaging, new production 
techniques have had to be conceived. This leads 
to production testing of individual parts, small 
integrated units, self-contained components, com- 
plete integrated systems, and simulated environ- 
mental performance. 

The development of equipment for producing 
and testing of such a missile provides a continuous 
challenge to engineers experienced in electronic 
circuit design including the following: 

Pulse—Power Supply—Transistor—i and rF— 
Clamping — Wave Shaping — Switching Phase 
Shift—Input-Output—Modulator—Discrimina- 
tor—Feedback—Video Circuits. 








Book 
Reviews 





Magnetic Materials in the Electrical 
Industry, by P. R. Bardell, Philo- 
sophical Library, Inc., 15 East 40th 
St., New York 16, N. Y. 288 pp, 
6x9 in. $10.00. 


The primary purpose of this book is 
to bridge the gap between the academic 
study of the properties of magnetic ma- 
terials, and their applications. By way 
of introduction, the first two chapters 
constitute an outline of the theory of 
ferromagnetism and a discussion of the 
influence of magnetic theory on the 
development of materials. This is fol- 
lowed by a detailed presentation of 
permanent magnetic materials covering 
such subjects as: design considerations, 
methods of magnetization, applications, 
stability and methods of measurement. 
Similar treatment is extended to the 
high-permeability, “soft” magnetic ma- 
terials. Included in this general cate- 
gory are separate chapters on: Phys- 
ical characteristics and available ma- 
terials; measurements; power-frequency 
applications (transformers, d-c ma- 
chines and relays) ; and communication- 
frequency applications. 

Further chapters are devoted to 
special devices such as sound recorders, 
non-destructive testers, transductors 
and transducers. To resolve some of the 
confusion caused by the use of propri- 
etary names and the wide variety of 
terms and units, appropriate tables of 
commercial materials and a_ glossary 
have been included. 


Dielectric Behavior and Structure, by 
Charles Phelps Smyth. McGraw-Hill 
Book Company, New York 36. 441 
pp. $9.00. 


This book is for the specialist in dielec- 
trics and insulation, and as such it is an 
important contribution to the literature. 
It explains the relation that exists be- 
tween the molecular structure of mate- 
rials and their dielectric behavior—a 
field of work which has been partic- 
ularly in the foreground during the 
past few years. The book also explains 
how measurement of dielectric constant 
and loss and electric dipole moment can 
be used to experimentally investigate 
and study liquids and solids. 

The author, one of the leading figures 
in the dielectrics field, and professor of 
chemistry at Princeton University, has 
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| Completely Insulated for stability under long, hard operating conditions 


There’s nothing else like 


ISO-KAP’ 


| Centralab’s New 
| Mioided Disc 
| Ceramic Capacitor 


Only one of its kind! The only molded, completely insulated, 
ceramic disc capacitor. Breakdown to ground in excess of 3000 V.D.C. 





Strong! Unaffected by extremes of vibration; by ozone, salt water, 
or any known acid or solvent at room temperature. 


ee 


\ \ . , : 
\ Accurate! Thickness, diameter, and lead spacing are always exact. 
\ And leads are always on perfect center line—never offset. The answer 
\ \ for automatic assembly. 
\ \ Dependable! New basic ceramic body. Capacitance characteristics 
- oo are virtually flat over a wide temperature range. 
\ \ Leads can’t pul/ out/ Lead strength is greater. than the tensile 
Actual Size strength of No. 22 wire. 


Clearly labeled! Stamped with capacity, voltage rating, and 
tolerance. 


Write for engineering bulletin EP-48, for facts and figures on Iso-Kap. 


SOOOSSSSSSSSOSSSHOSSSSHSHSSSHHSSHSOSHHSSHHS | SHHHHSHHSHHHSHHHSSHHOHSSHSSSSSSHHSSSSSSOSSHHOSHHSSSHSSHSSSHSHHSSSSSSSHHHSHSSSHSHSSOSOSSSSSSHSOSESS 


More proof that 


if it’s a job 










for electronic components, 


> Electroni-Kwiz No.9 
 WEW THIS MONTH f 


Ist Prize—two single electric blankets 


Don’t be fooled! You have a good chance to win. 
Simply answer this question in 50 words, more or less: 


it’s a job for Centralab 


Centralab’s 

advanced engineering 

' continues to create 
the prototypes 

of the components 

industry 


How do you feel personally about the mat- 
ter of patent rights? Should they belong 
to the individual inventor — or to the com- 
CONTROLS | pany who employs him? 





A leading editor will pick the winner of this month's 
major prize. 


Mail your entry to us before November 30. 





CERAMIC SWITCHES PACKAGED STEATITE 
CAPACITORS ELECTRONIC INSULATORS 
CIRCUITS 
*Nothing to buy. Employees of Centralab and their advertising 
D-551 agency not eligible. Duplicate prizes awarded in case of t 
-5512 I 
Entries become the property of Centralab—none can be returned. 





Ootel ely \ A DIVISION or Bb ehbiietilbddetied Inc. \\ 


962K E. Keefe Avenue @ Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario Pt ecteaseah 


SINCE 1922, INDUSTRY’S GREATEST SOURCE OF STANDARD AND SPECIAL ELECTRONIC COMPONENTS 
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Add Up te Seviogs wih NE MAND 


PAPER TUBE PRODUCTS BROS. 


Lower 
Unit Cost 
groan 

Quicker 


Application 


. Available in Large 
or Small Quantities 
to meet 
your requirements 





It’s easy to see why so many manufacturers find NIEMAND BROS. PAPER 
TUBE PRODUCTS so practical. Diameters — .093” to 2” and up. Materials 
— high dielectric kraft, fish paper, foils, special protective coated and 
laminated papers. Printed or plain. 


Precision drawn paper cups from .141“ — 2” dia. Die cut washers and 
custom parts. 


Further Information on Request 


NIEMAND BROS, INC. 


Srrcinlshs in Paper Gute Products fer Cloclrioal Afplrations 
37-05 Thirty-Fifth Avenue « Long Isiand City 1, N. Y. 












This is your Reliable 
non-sticking relay 


% Extra long life % Tamper proof 


(Timing not changeable) 

% No false contacts ye Low cost timer 
\ 

J SEALE, 

\ 


STEEL MERCURY TIMERS 


New plunger construction features 
put this steel-clad Durakool timer- 
relay in the ‘fail-safe’ group. Me- 
chanical life now 5 to 6 times longer. 
Any operate-release time combina- 
tion form 0.15 sec. to 20 sec.—either 


normally open or normally closed. 





See telephone directory for local distributor, or write. 


DURAKOOL, INC. 
ELKHART, INDIANA, U.S.A. p : 
700 Western Rd., Toronto 9, Canada Send for Bulletin 800 
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arranged his book so that the reader 
does not necessarily have te go through 
the entire work. For example, if he is 
interested essentially in dielectric he. 
havior as exhibited in dielectric con- 
stant and loss he may apply to the first 
two chapters for theory, to the next 
three chapters for experimental informa. 
tion and interpretation, and to Chapter 
VI for the methods of measurement, 
Similar arrangements are indicated fo 
other phases of the subject. 

There are separate sections that 
treat glasses, ferroelectrics, high poly- 
mers. and also electrets. Methods for 
measuring dielectric constant and _ loss 
are discussed and summarized in a sepa- 
rate chapter, as noted. Literature ref.- 
erences are extensive. 

Pretty much half the book, the clos- 
ing half, is devoted to the use of the 
dipole moment in determining molec- 
ular structure, and to a study of the 
nature of the chemical bond, resonance, 
and intramolecular energy. 

As already stated, this is a book for 
the specialist and not for the engineer 
whose interest in dielectrics and insu- 
lation mav be of a routine nature. 


Basic Processes of Gaseous Electronics, 
by Leonard B. Loeb, University of 
California Press, Berkeley 4, Calif. 
1012 pp., $13.50. 


This book deals with the basic atomic, 
electronic, molecular, and _ kinetic 
mechanisms -of electrical phenomena 
in gases. The subjects considered in 
detail are: lonic mobilities, diffusion of 
carriers in gases, velocities of electrons 
in gases, distribution of energy of elec- 
trons in a field, formation of negative 
ions. electrical conduction in gases, 
ionization by collision of electrons, the 
first Townsend coefficient, and the sec- 
ond Townsend coefficient. Simplified 
kinetic-theoretical introductions to each 
topic are followed by accounts of more 
esoteric advances, based on recent ex- 
perimental findings and theoretical de- 
velopments. An appendix summarizes 
the important material presented at the 
Seventh Gaseous Electronics Confer- 
ence, held in October, 1954. 


Transactions of the American Institute 
of Electrical Engineers, 1954 edition, 
Volume 73 (Four Parts). The Amer- 
ican Institute of Electrical Engineers. 
33 West 39th St.. New York, N. Y. 


$6.00 for members: $12.00 for others. 


This edition contains the text and dis- 
cussions of all technical papers ap- 
proved by the committee on technical 
operations and presented at Institute 
meetings during the previous year. The 
Transactions are published in four 
volumes. one on communication and 
electronics. one on applications in indus- 
try, and two on power apparatus and 
systems. 
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ROLLING STEEL FOR ELECTRICAL INDUSTRY... AT 













PRODUCTS OF 
NEWPORT STEEL 


Cold-Rolled Sheets 

Hot-Rolled Steel in Coil 
Hot-Rolled Pickled Steel in Coil 
Hot-Rolled Sheets 

Hot-Rolled Pickled Sheets 
Galvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 

Electrical Sheets 


Capable hands of long experience guide New- 
port steel products through the mill and out to leading 
manufacturers of electrical equipment. Careful buyers 

find in Newport a most effective combination of modern 

facilities, steelmaking experience, conscientious personnel, 

strict adherence to precise specifications, and strategic location 

SCONOIICAL WATERAN TRUCK DELIVERY in the heart of the nation’s fastest growing industrial area. These 


qualities make Newport a most dependable source for your 


requirements of any of the steel products listed here. 


Alloy Sheets and Plates 
Electric Weld Line Pipe 
Roofing and Siding 

Eave Trough and Conductor Pipe 


Culverts 


, — 

oe 
f 
‘ \ 

\ 

\) 

) Tis 
- CORPORATION 
: \ NEWPORT, KENTUCKY 
YOUR CONFIDENCE 1S JUSTIFIED WHERE THIS FLAG FLIES \ A SUBSIDIARY OF MERRITT-CHAPMAN & SCOTT CORPORATION 
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desig? ©, 


« GASKETS *« PACKINGS 
* WASHERS « SEALS « SHIMS 
¢ BUSHINGS « “O” RINGS 


85 YEARS OF 


AUBURN “KNOW-HOW” 


HAS THE ANSWERS! 


Yes ... over 85 years experience in 
engineering, designing, fabricating and 
production qualifies Auburn to help you 
find the ideal answer to your problem. 
Where gaskets, washers, and other seal- 
ing devices are concerned, Auburn en- 
gineers are tops in the field. Their 
know-how is yours—for the asking. We 
are tooled to fabricate in virtually any 
material: 


Leather * Asbestos * Tefion © Silicone Rubber 
‘Neoprene * Rubber © Cork © Fibre * Compositions 
Phenolics * Cloth * Felt * Paper * Cardboard 
Plastics * Brass * Steel * Copper © Aluminum 


Kel-F © Other Special Materials 


Send us your specifications or blueprints. 
You'll receive 


quotations, recommendations without obligation. 


GASKE 
ALGCO 


AUBURN 


MANUFACTURING COMPANY 


306 Stack St., Middletown, Conn. 


Representatives: Atlanta, Ga.; Detroit, Mich.; St. 
louis, Mo.; Los Angeles, Cal.; Minneapolis, Minn.; 
Washington, D. C.; Cincinnati, O.; Rochester, N. Y. 
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Men in Industry 





Samuel Noodleman has joined the 
B. A. Wesche Electric Co., Cincinnati, 
Ohio, as vice president in charge of 
engineering, sales and production. Mr. 
Noodleman was formerly chief engineer 
and manager of the Standard Electric 
Division of Standard Dayton Corp., Day- 
ton, Ohio. During World War II he was 


engaged in research on electrical de- 





SAMUEL NOODLEMAN 


vices for radar equipment at the Radi- 
ation Laboratory of Massachusetts In- 
stitute of Technology. Prior to that he 
was with the Delco Products Division 
of General Motors. A graduate of Mas- 
sachusetts Institute of Technology, Mr. 
Noodleman holds many patents, with 
several domestic and foreign patents 
pending. 


Charles Bruning Co., Inc.. Chicago 
has appointed Jack Tregay manager of 
machine development. Mr. Tregay was 
formerly manager of A. B. Dick Co.'s 
mechanical research and 
laboratory. 


engineering 


New assistant director of research at 
Baird Associates, Inc., Cambridge. 
Mass., is Dr. Walter G. Driscoll, who 
will be in charge of the company’s 
transistorized electronics department. 
Dr. Driscoll received a B. S. in physics 
from Boston College and his Ph. D. in 
engineering from Brown University. 


In keeping with its expansion pro- 
gram, General Transistor Corp.. Ja- 
maica, N. Y. has elected Bernard B. 
Cohen a vice president. Mr. Cohen, 
now director of engineering, will con- 
tinue to function in this capacity. 


Wayne S. Blackman has been advanced 
to the position of chief application 
engineer of American Electronic Manu- 


facturing, Inc., Culver City, Calif. Mr, 
Blackman will have charge of all activi. | 
ties relating to sales and applications of 
the company’s line of miniature preci- 
sion resolvers, servo motors, and syn. 


chros. 


Carl A. Drake has been appointed 
manager - manufacturing engineering 
unit at General Electric’s Laminated § 
Insulating Products Department. Mr, 
Drake will be located at the head. 
quarters of the Department in Coshoc. 
ton, Ohio. A graduate of Ohio State 
University with a BME degree, Mr. 
Drake joined G. E. in 1940. 


Erie Resistor Corp., Erie, Pa. has 
appointed James H. Foster general man- 
ager of its Electro-Mechanical Division. 
Since joining Erie Resistor five years 
ago, Mr. Foster has served as chief of 
electronic research and assistant general 
manager of the division he now heads, 
The Division is presently engaged in 
making electronic and mechanical as 
semblies for industrial and military ap 
lications. 


At the Abrams Instrument Corp, 
Lansing, Mich., Devern A. Chubb has 
been appointed chief engineer, with 
responsibilities for the engineering de 
sign, research and development of all 
company products. Mr. Chubb, former 
ly assistant chief engineer at Abrams, 
has served as an electronic scientist 
in the Naval Research Laboratory in 
Washington. 


Jeff D. Montgomery has been advanced 
by the Andrew Corp., Chicago to West 
Coast engineering manager, Andrev 
California Corp., Claremont, Calif., de 
signer and manufacturer of antennas 
antenna systems, and transmission lines 
Mr. Montgomery is a graduate elec 
trical engineer, with a degree from 
Illinois Institute of Technology. 


Dr. William Shockley, noted for hi 
work on junction transistors while 4 
Bell Telephone Laboratories, has joined 
Beckman Instruments, Inc., Fullerton. 
Calif. Dr. Shockley will organize ané 
direct a new group of scientists explor 
ing and developing new uses for semi 
conductors. 


Allen W. Salzman has joined the 
Waukesha Tool Co., Waukesha, Wis 
in the capacity of chief engineer. Mr 
Salzman will also head up the Wat 
kesha firm’s new thrust bearing div 
sion. In recent years, Mr. Salzman ha 
been associated with Racine Hydrauli¢ 
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CHOOSE YOUR 2? SERVO 





These high performance 400 cycle servos conform dimensionally with Bu Ord specs in 
many models. Greater efficiency, minimum air gaps and extremely high torque-to-inertia ratio 
is attained by precision manufacturing. 60 cycle units can be made available. 


Power 
No Load Input Rated Voltage 


Speed at Stall Control Special 
Minimum Total Watts Phase Features 
aT Ae. | aur) | 


pie | Synchro 


| 
A 


Synchro 


| 
ee eee on 


ry | aw Senate } one) | kel Pere 


A A 1400 OHM cont. ph. Z 


3053 | Synchro | | Ku) | 


rizr meinen menue ec 


-980” OD Synchro 125°C 


| | 
cssrmnlpmariemmlm immense 


a tea | Flat | 10,000 


1.312” | Flange 


at Synchro avail. up to 150°C 


| 
a 
| | 


Synchro 


Synchro 


A 


ori | Synchro | | | 


Many of the above units can be supplied with gear train to your specifications. 
Other servos to your requirements. 


Write for further details, giving type number. Other products include Actuators, AC Drive Motors, DC Motors, 
Motor-Gear-Trains, Fast Response Resolvers, Servo Torque Units, Synchros, 


Reference Generators, Tachometer Generators, and Motor Driven Blower 
and Fan Assemblies. 


MANUFACTURING CO. avionte division : 
Your Rotating Equipment Specialist RACINE, WISCONSIN 4 


(BURTON BROWNE ADVERTISING 
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To tit numerous applications, Bourns has 200 designs o 





f miniatur- 


zed, high-performance sensing instruments on file. These designs are 


ther standard types, or variations made to meet critical electrical and 


2/ 


environmental specifications. The pressure potentiometer designs range 


} ’ 


trom > to 10,000 p.s.i. Linear motion units provide travels of Ys” to 


', and you can choose from a wide variety of resistance ranges. 


The instrument you need may be among these Bourns designs — 


ready for production from parts in stock. Or one of the designs now on 


our boards may meet your specs. If not, we will gladly consider devel- 


problem may already be solved. 








4 
GAGE PRESSURE 


oping the instrument you require. Send us your specifications — your 





ACCELEROMETER 


OQURNS LABORATORIES 


6135 Magnolia Avenue, 


Riverside, California 


Technical Bulletins on Request, Dept. 12 


and Machinery. Inc. as process and de. 
velopment engineer, and _ previously. 
with Allis-Chalmers Manufacturing Co. 
where for 17 years he served as a design 
and development engineer. . 
Consolidated Engineering Corp., 
Pasadena, Calif. has named Kennett W, 
Patrick director of its Transducer Dj. 
vision. Mr. Patrick was formerly direc. 
tor of the firm’s systems division, Sue- 
ceeding him in that post is Harry £, 
Burke Jr., who has been assistant di- 
Division since 


rector of the Systems 


Feb. 1954. 


Gerald C. Rich has appointed 
manager of the Microwave Tube Labo. 

of Sylvania Electric Products 
Mountain View, Calif. 


been 


ratory 
Inc., 


Steven Galagan has been advanced by 
The Gabriel Co. to director of engineer. 
ing for the Gabriel Laboratories and 
the Gabriel Electronics Division, Need- 


ham Heights, Mass. A_ graduate of 
Rensselaer Polytechnic Institute, Mr. 


Galagan was formerly chief engineer 
of General Electronics 


Inc., Cambridge, Mass. 


Laboratories, 


Rear Admiral Harry B. Temple, USN 
(retired) has named assistant 
president of Robertshaw-Fulton 
Controls Co.. with headquarters in the 
Washington, D. C., offices of the com- 
pany. His primary responsibilities will 
be in the field of research and develop- 


been 


vice 


ment. and in connection with mecha- 
nisms, actuators and __ instruments 
manufactured by the company’s <Aero- 
nautical Anaheim. Calif. 
Prior to retiring in 1955 after 30 years 
in the Navy, Admiral Temple was 
Deputy Chief of Staff. Far Eastern and 
U. N. Commands, Tokyo. In 1951 he 
was assigned to the Weapons Systems 
Evaluation Group which was concerned 
with the application of scientific de- 
velopments to warfare requirements. 


Division, 


The Control Engineering Co.. (sub- 
sidiary of the Jervis B. Webb Co.), 
Detroit, has appointed Wm. M. Burr to 
head up its new Aircraft and Missile 
Section. The newly created section will 
handle 
aircraft and guided missiles. 


precision test equipment tor 


Dr. Clarence E. Larson has been ap- 
pointed vice president in charge of 
research for National Carbon Co., Dr 
vision of Union Carbide and Carbon 
Corp. Formerly, Mr. Larson was direc- 
tor of the Oak Ridge National Labora- 
tory, operated by Union Carbide for 
the Atomic Energy Commission. Dr. 
Larson, who will head up all of Na 
tional Carbon’s research activities, will 
be headquartered in Cleveland, Ohio, 
at the company’s new research labora- 
tory now under construction in a Cleve- 
land suburb. 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


=e 


Tips for designers 





Terminal board for a complex circuit in an 
electronic spectrophotometer instrument is made 
of Taylor Grade LE laminate . . . selected for its 
insulating and mechanical properties. 





Washers for fire extinguishers are punched 
from Taylor Vulcanized Fibre . . . a versatile 
material that resists many chemicals, provides a 
long-wearing seal. 


eT SAA 
oD Se 


Inter-winding insulation for transformers 
is an application for Taylor Insulation (Fish Paper) 
++. @ tough, economical material that resists 
abrasion, withstands high voltages. 





Textile shuttles are faced with Taylor shuttle 
fibre, which machines to a smooth, long-wearing 


surface that doesn't snag yarn in high-speed 
machines. 


TAYLOR FABRICATING 
FACILITIES 


Your production problems can 
often be simplified . . . schedules 
safeguarded . . . inventory head- 
aches cured . .. and overall costs 


reduced by having Taylor fab- 
ricate finished parts of vulcan- 
ized fibre and laminates to your 
specifications. Efficient, modern 
facilities are ready to serve you. 
Write to Taylor about your 
specific requirements. 





Shop Tale 


TATLOR 


PASSE, CO; 


Plants in Norristown, Pa. and La Verne, Calif. 
PHENOL — MELAMINE—SILICONE — EPOX ¥ LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 





Multiple fuel line clamp, for use in the North American F-86 Sabrejet fighter 
plane, is made of Taylor fabric base laminate . . 
strength, light weight and resistance to extremes of temperature and humidity. 


. chosen for its mechanical 


Strength and machinability highlight 
Taylor fabric base laminates 


Does your product design call for 
a material with high strength, light 
weight, stability, electrical resistance 
and electrical insulation qualities . . . 
plus good machinability? 


Consider what Taylor fabric base 
phenol laminates can do for you. 
This family of versatile materials 
covers a broad range of mechanical, 
electrical and machining properties, 
from which you'll probably find the 
exact combination that fits your re- 
quirements. The fabric base may be 
cotton—in various weights and 
weaves—asbestos, glass or nylon 
fibre, bonded by selected high grade 
Taylor resins. 


Need mechanical strength? Choose 
Grade C for toughness, resilience, 
resistance to impact and fatigue... 
or Grade L for comparable qualities 
with better machined edges. 


Need electrical insulation? Grade 
CE combines mechanical strength 
with good electrical insulation prop- 
erties . . . Grade LE for somewhat 
higher stability and insulating value 
. . . and Grade CEF offers a finer 
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machined appearance with good im- 
pact and electrical strength. 


Need dimensional stability? Grades 
CE-6 and LE-6 combine many C 
and L qualities with greater dimen- 
sional stability . . . particularly valu- 
able in close tolerance work. 


Need to deep-draw? Grade C-7 is 
made with a special fabric designed 
for post-forming qualities . . . draws 
and stretches during forming into 
complex shapes. 


High temperatures? Grade AA as- 
bestos base, and Grade G-3 glass 
fabric base give you a choice of ma- 
terials that stand up at elevated 
temperatures. 


These and other Taylor fabric base 
phenol laminates can serve you well, 
by putting extra performance values 
into the products you manufacture, 
and by providing economical ma- 
chining in your production line. For 
complete details, write for a copy of 
Taylor’s general catalog. And ask 
a Taylor specialist to consult on your 
specific materials application prob- 
lem. 
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step-base DESIGN 





NOW AVAILABLE IN 
THE BASIC AND POPULAR 


ACRO 


SNAP-ACTION ‘‘C”’? SWITCH 


@ PROVIDES LOWER COST, SCREW TERMINAL CONSTRUCTION 
@ SIMPLIFIES CONNECTION TO TERMINALS 


The popular Acro “‘C’’ Switch has had its base lifted! Now 
the open terminal is located on a raised pad at the midpoint 
of the switch base. The closed terminal and the common 
terminal are at opposite ends of the base and at a lower level. 
These three, widely spaced screw terminals provide maximum 
clearance. Switch users will benefit from the lower costs of 
installation. 


Mechanically this Acro snap switch utilizes the famous 
Acro rolling spring principle proved superior through over 25 
years of service. It’s the ideal switch for tough and must 
services such as aircraft and machine tools where maximum 
durability and vibration resistance are required. It’s available 
with all types of actuators. Write for data sheet today. 


ACRO SWITCH DIVISION 


CRO 


Tra ks COMPANY 







MANUFACT 
COLUMBUS 16, OHIO 


Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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Company 
Briefs 





Claude Neon, Inc., New York, has 
changed its corporate name to Dynamics 
Corporation of America. The company’s 
products include brand-name home ap- 
pliances, radio-television transmitters, 
air conditioning equipment, electronic 
devices used in industrial automation 
and in military fire control, radar and 
guided missiles systems, quartz crystal 
oscillators, miniaturized electric 
ponents and analog computers. 


com- 


In Kenton, Ohio, Durez Plastics Divi- 
sion of Hooker Electrochemical Co. has 
brought into production its new five- 
million-dollar plant, which will special- 
ize in the production of phenolic mold- 
ing compounds. This will enable the 
main Durez plant at North Tonawanda, 
N. Y., to concentrate more intensively 
on the manufacture of phenol and for- 
maldehyde, as well as on the manufac- 
ture of various phenolic resins and on 
special molding compounds produced 
in smaller lots. 


High-pressure, precision die castings 
in simple or complex shapes, as well 


as complete contract manufacturing 
services, are available from  Harvill 


Corp., Los Angeles, Calif. The company, 
whose contract manufacturing services 
include engineering, tool design, ma- 
chining, assembly and_ shipping, is 
located at 6251 West Century Blvd., 
Los Angeles 45, Calif. 


Pilot operations will start this Fall 
at General Electric’s new multimillion 
dollar plant near Roanoke, Va. The 
600,000 sq-ft plant will house manu- 
facturing and office facilities for the 
company’s Industry Control Department 
currently headquartered in Schenec- 
tady, N.Y. Transfer of operations will 
take place gradually, with completion 
of the transfer expected early in 1957. 
The Department manufactures large 
control devices and equipment for in- 
dustry. 


Plans for expansion and diversifica- 
tion have been announced by the Gruen 
Watch Co., New York, with the estab- 
lishment of Gruen Precision Laboratories, 
Inc., for the engineering, development 
and production of precision products 
for consumer, industrial and defense 
use. The new company, a wholly owned 
subsidiary, will be located in Cincin- 
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| Being founded by a problem in miniaturization? Are you 


harasoed by atouohie in the increasingly critical field of 

design diminution, weight and size reduction, power and. 
component capsulation? 36 you are, simply stop in at the 
nearest scissors store. Get a pair of pinking shears and cut out- 
this coupon. St will get you the complete catalog 
of MP se such as these CI@BSere 


BALL BEARINGS ACTUAL SIZE 








™ 


— CUT OUT AND MAIL THIS COUPON TODAY 


Miniature Precision Bearings, Inc., 2 Precision Park, Keene, N. H. 


YES! Send me your complete new MPB CATALOG 


name title company 


‘ Street city zone state 


MINIATURE PRECISION BEARINGS, INC., KEENE, N.H. 
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Cramped quarters 

don’t cramp the style of 
ADVANCE midgets and 
miniatures. You can use 
them on loads up to 5 
amperes continuously ... 
and at three times their 
rating intermittently — 
with complete safety. 
They'll resist shock and 
vibration ...stand up 
under temperature 
extremes. You'll find them 
readily adaptable to any 
mounting need... any 
type of duty. 


Some examples: 














MM & MP SERIES 


h This ultra-small dc relay occupies 
p less than ¥2 cu. in. mounting space! 
It’s stable under vibration and shock 
... plated to prevent corrosion. Oper- 
ate time is 5 milli-seconds. Contact 
rating: .5 amp. or 1 amp. 


TQ SERIES 


Only .94 cu. inches in size, yet this 
relay carries 5-amp. loads in any 
combination up to 4 PDT. Mechani- 
cally secured throughout, it’s 
extremely efficient. Non-gassing 
insulation. Withstands 10G vibration. 
Temp. range: —55° to +-125°C. 


MG & MF SERIES 


Endless uses for this midget AD- 
VANCE relay. It’s engineered for high 
efficiency and low price. Operates in 
any position, with positive contact. 
Light vibration and shock resistance. 
Two-amp. or 5-amp. contacts. 


Hermetic enclosures on these types are impervious 
to varying climatic conditions...are sealed and carefully 
checked against leakage. 


Write for literature on any of the above series, 
or the complete ADVANCE line. 


ADVANCE ELECTRIC AND RELAY CO. 


AN ELGIN NATIONAL WATCH COMPANY AFFILIATE 
2435-M NORTH NAOMI STREET, BURBANK, CALIFORNIA 


Sales Representatives in Principal Cities of U.S. and Canada 








nati. Initially, the laboratories 


will 
engage primarily in pure and applied 
research and development as a 


prime 
and subcontractor on defense 
takings. 


inder- 


Manufacturing facilities, representing 
64.000 sq ft of floor space, are being 
added to the Chicago plant of Rheem 
Manufacturing Co. This thirteenth sue- 
cessive expansion at the plant, origi- 
nally constructed in 1941, has been 
made necessary by the growth of com- 
pany business and transfer ef its clothes 
dryer activities to Chicago from the 
West Coast. Construction is scheduled 


for completion early in 1956 


The RCA Tube Division is construct- 
ing a_ three-million-dollar plant — in 
Bridgewater Township near Somerville, 
N.J. It will serve as engineering and 
manufacturing headquarters for the 
semiconductor activities of the Divi- 
sion, providing facilities in addition to 
those in Harrison. N.J. for handling 
the growing demand for transistors and 
diodes. Plans call for the erection of a 
one-story structure having approxi- 
mately 126.000 sq ft of floor space. 


West Instrument Corp., manulacturer 
of control equipment and accessories, 
has moved its Chicago plant from 
twice-expanded facilities to a new 
building at 4363 W. Montrose Ave. in 
that city. 


\ new plant will be built at Altoona, 
Pa.. by Veeder-Root Inc., Hartford, 
Conn.. manufacturer of computers and 
counting instruments. The new plant 
will cost approximately $1,500,000 and 
is expected to be completed in about 
a year. 


Tappan Stove Co. is building a $300,- 
000 addition to its Mansfield, Ohio 
plant. The new manufacturing facility 
represents Tappan’s second major ex- 
pansion in Mansfield in two years and 
the fifth since 1946. The new expan- 
sion program results from the heavy 
demand for the company’s built-in gas 
and electric ovens and surface units. 


Langevin Manufacturing Corp., a Sub- 
sidiary of the W. L. Maxson Corp., has 
completed its move to new. general 
offices and production facilities in Long 
Island City, N.Y. All inquiries should 
be addressed to Langevin Manufacturing 
Corp.. a Subsidiary of the W. L. Max- 
son Corp., 47-37 Austell Place, Long 


Island City 1. N.Y. 


The Aro Equipment Corp... Bryan. 
Ohio has purchased the Ampatco Labo- 
ratories Corp., maker of precision instru- 
ment products. This latest move by 
Aro. will increase its facilities for the 
manufacture of industrial electrome- 
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on 


chanical products. Ampatco will oper- 
ate aS a separate corporation in Aro’s 
Cleveland plant and will conduct basic 
research, development and manufactur- 
ing of electromechanical devices. 


Purchase of all outstanding stock of 
Frohman Manufacturing Co., Inc., Miami. 
Fla., has been announced by Norden- 
Ketay Corp., New York. Among Froh- 
man products are gears used in preci- 
sion instruments. There will be no 
change in management or personnel of 
the newly acquired company. 


The EECO Production Co., wholly 
owned production unit of the Electronic 
Engineering Company of California, is 
now in operation in Santa Ana, Calif. 
The parent company has purchased a 
seven-acre site in Santa Ana on which 
the parent company and its subsidiary 
will be relocated in approximately two 
or three years. EECO manufactures 
packaged plug-in electronic circuits and 
performs all types of production elec- 
tronic assembly 
circuits. 


including _ printed 


Norden-Ketay Corp., New York City. 
manufacturer of 
chanical and 


electrome- 
servomechanism compo- 
nents, has opened an office in Washing- 
ton, D. C., with L. Michael Flaherty, 
Jr. in charge. 


precision 


Micrometrical Development Corp. (for- 
merly the development division of 
Physicists Research Co.) announces that 
its services are now available for the 
development of instruments for measur- 
ing displacements and similar assign- 
ments. Services include the design. 
development, building and testing of 
complete electromechanical instrumen- 
tation. The address: 2821 S. State St.. 


Ann Arbor. Mich. 


Establishment of a new Continental 
Appliance Division which will market a 
completely new line of domestic win- 
dow and floor fans has been announced 
by Chelsea Products, Inc., Plainfield. 
N.J. Fans will be manufactured in the 
new 75.000 sq ft plant adjacent to the 
main Chelsea plant in Plainfield. 


Headquarters of the Central Atlantic 
Coast Technical Field Section of the 
International Nickel Co.’s Development 
and Research Division are now located 
in the Philadelphia area, in the Abing- 
ton Building, 1150 York Rd., Abington, 
Pa. Formerly located in New York, the 
Section furnishes industry with tech- 
nical information and assistance relat- 
ing to nickel and 
nickel. 


alloys containing 


Requires less than 


one-half the space 


TEU p 


VC Tide 


Made in two and three position types; mo- 
mentary and locking actions. Single hole 
mounting, Attractive hardware. Long springs 
without any “forms” at point of flexing in- 
sure long spring life. Springs insulated from 
each other by phenolic spacers with hard 
rubber tubing press fit through the stack— 
insures correct alignment of the contacts and 
provides high insulation resistance. “Soft” 
easy action actuator; real detent action on 
locking types. 


Full details in Catalog $-52—fourth printing— 
send for your copy. 


SAAS a) 


Canadian Representative: Atlas Radio Corp., 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e 























INDUSTRIAL DIVISION 


SAL 


COMPANY 


ATTLEBORO, MASSACHUSETTS 





Fine silver contacts, rated at 3 amperes, 120 
volts, A.C.  non-inductive load-standard. 
Also available on special order with larger 
silver contacts for higher currents and Palla- 
dium contacts for low current—low voltage 
circuits. 


TELEVER SWITCH 


For more rugged applica- 
tions. Features unusual “’T- 
Beam” frame construction 
—light design with rugged- 
ness of a structural ‘‘T- 
Beam.” 







1324 N. Halsted Street, Chicago 22, Ill. 


Ltd., 40 Wingold Avenue, Toronto, Canada 


Two Companies Under One 
Roof Offer You a 
Prime Source for... 


PRECIOUS 
LAMINATED METALS 


and 
FABRICATED PARTS 


O.: aim is to give you fast, 
efficient PERSONAL SERVICE on all 
orders and inquiries. Write us, we'll 
show you we mean business when 
we talk SERVICE and QUALITY. 


Leach & Garner produces solid and 
laminated precious metals in sheet, 
wire and tubing. General Findings 
& Supply Co. fabricates precision 
parts from these and many other 
materials to your specifications. 


INDUSTRIAL DIVISION 


tS 





ASK FOR BROCHURE EM 1 
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AND SU PP af COMPANY 


ATTLEBORO, MASSACHUSETTS 





Plans have been announced tor the 
construction in Des Plaines. Ill. of g 
multi-million-dollar Borg-Warner Re. 
search Center containing facilities for 
metallurgical, electronic, electrical, and 
other research. About 100 scientists and 
engineers will be engaged at the start 
of the operation, with the building of 
the initial unit scheduled for com. 
pletion next Spring. The new research 
center will replace the smaller Borg- 
Warner Central Research Laboratory 
now being operated at 706 South 
Twenty-fifth Ave... Bellwood, III. 


\ new 9000 sq ft addition is being 
made to the plant of Federal Tool & 
Manufacturing Co., Minneapolis, Minn. 
New equipment includes a  400-ton 
press, making possible stampings 
up to 1% in. thick. The company pro- 
duces short run stampings for industry, 
with a branch plant in Rochester, N.Y. 


A. H. Wirz, Inc., Chester, Pa., has 
purchased the stock of the American 
Extrusion Corp., Brooklyn, N.Y., manu- 
facturer of extruded metal parts. Amer- 
ican Extrusion, which will be operated 
as a subsidiary. manufactures a wide 
variety of electrolytic and dry capacitor 
shells as well as other extruded parts 
of steel, brass, zine and aluminum. 


Englehard Industries of Newark. N.J.. 
has opened a branch office for its Mili- 
tary Service Division at 6 Beacon St.. 
Boston, Mass. T. A. Lambert will man- 
age the office. 


Practical Space Satellite 


The editorial under the above title in 
September ELECTRICAL MANUFACTURING 
hazarded the guess that the problem of 
building and launching the space satel- 
lite was an engineering project and 
probably would be handled by engi- 
neers now working on the development 
of guided missiles. The scientists who 
made the initial announcement at the 
White House are the “customers.” In 
early October the Department of De- 
fense announced that the prime contract 
for the development of the rocket 
launching vehicle had been awarded to 
the Glenn L. Martin Co. of Baltimore, 
builder of the Navy’s Viking rocket. 
General Electric Co., as a subcontractor, 
is to supply the rocket motor to be used 
in the first stage of the launching 
vehicle. The satellite project is being 
carried on as a joint Army-Navy-Air 
Force program under Navy manage- 
ment, with Dr. John P. Hagen, an astro- 
physicist of the Navy Research Labora- 
tory, as project director. The purpose 
is scientific rather than military. Q.E.D. 
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ecipe> 
RELIABILITY 





There’s no guesswork in the 
production of Seymour nickel 
silver, phosphor bronze and 
brass. Every step in their man- 
ufacture is prescribed—in de- 
tail—in a master quality control 


manual which is “the law 


throughout Seymour casting 


shops and mills. 


This is another reason why 
Industry has come to rely on 
Seymour to deliver nonferrous 
metals which are uniform in 


quolity, year in and year out. 


“Specify Seymour! 


You know it’s good!” 


NICKEL SILVER 
PHOSPHOR BRONZE 
BRASS 
THE SEYMOUR MFG. CO. 
SEYMOUR, CONN., U. S. A. 
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Abstract and Comment 





New Electronic Techniques Will Re-Shape 
Products, and Boost National Economy, 


RCA Executive Says 


ELECTRONIC SCIENCE, transformed by 
advances in the materials it uses, is 
developing new techniques that will re- 
shape industry, promote greater pros- 
perity, and increase individual well- 
being, Dr. E. W. Engstrom, executive 
vice president, research and engineer- 
ing, Radio Corporation of America, 
told the Western Electronics Show and 
Conference on August 26. While ob- 
solescence is overtaking the methods 
and the means upon which products 
have been built in the past, the horizon 
is expanding beyond any limits discern- 
able today. With an_ ever-increasing 
flow of new materials and a wealth of 
research and engineering skills, elec- 
tronic science that was confined largely 
to the field of communications is today 
penetrating into all areas of technology. 
The results are already becoming evi- 
dent. These changes, radical as they 
may appear, give only a faint indica- 
tion of the developments now brought 
within reach by recent scientific dis- 
covery in new materials. 

Describing the revolution in mate- 
rials as a result of research based on 
controlled action of electrons in solid 
materials as opposed to the vacuum of 
the electron tube, Dr. Engstrom said 
that today control is exercised with ever 
greater precision over the three basic 
types of electron action to perform con- 
ducting. insulating and magnetic func- 
tions. 

A typcial development relates to pho- 
toconductors capable of interchanging 
light and energy. In ca- 
thodoluminescence, materials emit visi- 


electrical 


ble light under electron bombardment. 
As these materials have been improved. 
research has penetrated more deeply 
into the nature and potential use of the 
phenomenon electrolumi- 
nescence. Electroluminescent materials. 


known as 


emit 
visible light under the influence of an 
electrical voltage. Materials with this 
property do not exist in nature; they 
have been 


placed between two electrodes, 


created entirely within re- 
search laboratories through the under- 
standing brought about by earlier dis- 
coveries in the solid-state field. 
Electroluminescent materials point 
the way to radical changes in televi- 
sion receivers. It appears now that the 


bulky picture tube. in which electron 
gun and phosphor screen are segre- 
gated at either end, will give way to a 
thin layer of electroluminescent mate- 
rial within which the same functions 
are performed. This development, to- 
gether with the miniaturization of other 
elements in our receiving circuits, will 
give us mural television. Its form will 
be that of a thin screen decorating a 
wall, and controlled remotely from a 
small box beside the viewer elsewhere 
in the room. 

The trend, spurred largely by tran- 
sistor development, is toward miniature 
Such devices are 

power, materials 
and space than their counterparts of 
the past and present. This has been 
aided by the development of ferromag- 
netic materials which furnish small and 
efficient coupling transformers and an- 
tennas, and of new dielectric materials 
for tiny capacitors. O00 


electronic devices. 


more economical of 


Delay Hazards in 
Patent Applications 


ALBERT WOODRUFF GRAY 
Jackson Heights, N. Y. 


Prompt action in reducing an 
invention to practice and filing 
an application are essential in 
obtaining a patent. To illustrate 
this, several cases may be cited. 
Two PATENT APPLICATIONS for the same 
discovery were Fed- 
eral court, (1)*, one filed in the Patent 
Office on September 6 and the other on 


recently before a 


the day following. The invention was 
described by as, “An inter- 
laced multiple-color television scanning 


the court 


system comprising a plurality of inter- 
laced field scansions together with a 
plurality of primary colors in a manner 
and relation such that reproduction of 
the images is secured with good color 
rendition detail without re- 
quiring the use in transmission of an 
width.” 

The invention in the first application 
filed on September 6 had been con- 
ceived on March 25 and the application 


and sood 


excessive band 


* See cited 


references at end of article 
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SUPERIOR... Du Pont MYLAR* insulation for moisture-resistant 


capacitors in Hammond organs 





CHALLEN GING to industry... almost unlimited opportunities 


for practical application of this versatile new film. 


“Under humid conditions we find 
that capacitors made with Du Pont 
‘Mylar’ are superior in both insula- 
tion resistance and capacity stabili- 
ty,” reports the Hammond Organ 
Company. ““This excellent resistance 
to moisture is very important to us. 
Wecan now use capacitors made with 
‘Mylar’ where previously only ca- 
pacitors hermetically sealed in metal 
tubes were satisfactory.” 

This successful product innova- 
tion is only one example of the way 
an imaginative industry is putting 
the unique properties of ‘“‘Mylar’’ 
polyester film to profitable use. From 
metallic yarns to smaller transform- 
ers for guided missiles, Du Pont 
“Mylar” is making possible better 
products at lower cost in a wide 


variety of fields. Here’s why: 
‘*‘Mylar”’ has a tensile strength of 
20,000 pounds per square inch. It 
has greater dielectric strength than 
most known insulating materials, 
and an impact strength at least twice 
that of any known commercial film. 
What’s more, Du Pont ‘“‘Mylar’’ is 
resistant to moisture and solvents, 
and remains flexible and stable over 


DU PONT 


MYLAR 


POLYESTER FILM 


Better Things for Better Living... through Chemistry 


*“Mylar”’ is the registered Du Pont trademark for its brand of polyester film. 


READER INQUIRY SERVICE CARDS, PRECEDING 


BACK COVER 


a temperature range extending from 
-80°F to 300°F. 

How about your product? There 
may be a way “Mylar” can solve 
those knotty problems and improve 
over-all performance. Mail the cou- 
pon today for a fact-filled booklet 
telling you more about this new 
versatile film—‘‘Mylar.”’ 


E. |. du Pont de Nemours & Co. (Inc.) 
Film Department, Room 11-EM, Nemours Bldg. 
Wilmington 98, Del. 


Please send me sample and further information on 
‘Mylar” polyester film. 


Nome 
Firm___ acs oe 


Street address _ 


City State 
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To Speed 
»» Assembling 

and Reduce 
Production Costs 
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The toughness and uniformity of 
Wisconsin Porcelain Co.’s ceramics 
results in components that fit easily 

and accurately into place, helping to 

simplify your production procedures. 


A great degree of accuracy on ceramic 
parts is made possible by use of continu- 
ous kilns with automatic temperature 
controls and other highly developed 
processes. 


If your components are porcelain, re- 
fractory, steatite or filter body parts — use 
Wisconsin ceramics for best results. 


Send a sample or blue print and tell us your 
requirements. We will be glad to quote prices 
and delivery. 


Serving Electrical and Electronic 
Industries since 1919. 


WISCONSIN 
PORCELAIN (> COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


Vow off press ... A new Design Annual 


ELECTRICAL INSULATION 
AND DIELECTRICS—1955 


ERE’s an up-to-the-minute design compendium to help you keep 
pace with current technology in the swift moving field of 
electrical insulation and dielectric materials. 

The editors of ELectricAL MANUFACTURING have assembled into 
one handy-to-use 136-page book, a selected group of articles dealing 
with the application of insulation and dielectrics in the design and 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
application possibilities. 


Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy- 
Resin System for Embedded Circuits and Components (April 1955); 
Arcing Performance of Plastics Insulation (April 1954); Dielectric 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954); 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons— 
New Component Materials (February 1955); Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature Classification 
of Insulating Materials (September 1954); European Developments in 
the Dielectrics Field (August 1955). 


An annotated bibliography lists earlier articles containing design 
data applicable to current problems. 


e The 136-page Design Annual includes each article in complete form with 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Orders should be addressed to: J. A. Campbell, 
Director Reader Service. The Gage Publishing Company, 1250 Sixth Ave., 


New York 20 
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filed five or six months later. The in. 
vention in the second application, filed 
on September 7, had been conceived on 
May 28 and the application filed be. 
tween three and four months later. 

The court, in sustaining the award 
by the Patent Office of the patent to 
the second inventor who had filed his 
application only three or four months 
after his discovery in preference to the 
application filed after a six months 
interval, said: 

“One who is the first to conceive will 
not be permitted to lay his conception 
aside, take up and experiment with 
many other problems and devices and 
then be permitted to defeat an inventor 
who enters the field and reduces to 
practice while the one first to conceive 
is engrossed with other devices.” 

The reasons for the refusal of the 
courts to grant a patent after a long 
and unexplained delay between the 
discovery and the filing of the patent 
application was explained by a Federal 
appellate court (2) in a famous de- 
cision that has since become = an 
authority in patent controversies of this 
character. 

In this instance the discovery of a 
glass manufacturing process had been 
retained by the inventor as a_ trade 
secret and application for a patent 
made after ten years in which the glass 
had been marketed commercially with 
profit to the owner of the secret. 


“The question is whether one who 
has discovered and perfected an_ in- 
vention can employ it secretly more 
than nine years for purposes only of 
profit and then upon encountering 
difficulties in preserving his secret, 
rightfully secure a patent and thus in 
effect, extend his previous monopoly 
for a further period fixed by the 
patent laws. Are both of these courses 
consistent with a reasonable interpre- 
tation of the constitutional provisions 
and the statutes of the United States 
in relation to patents?” 

The controversy in this instance in- 
volved a discovery of “a mixture for 
making glass for illuminating purposes 
such as in electric and other shades 
and globes.” The application was filed 
by the inventor only after an employee 
of the company, who had been en- 
trusted in confidence with this secret 
formula, left the manufacturer with 
the intention of applying for patents 
on the process in addition to the 
disclosure of the secret to a competitor 
who, a few months later, had begun the 
marketing of glass by this process. 

Suit was then brought against this 
competitor for infringement and_ the 
defense interposed that by the delay 
in the application the inventor of the 
process had forfeited his right to the 
patent to which he might otherwise be 
entitled and that as a consequence the 
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ANOTHER GREAT SAGINAW SUCCESS— 


WORLD’S FIRST BALL BEARING 





New Saginaw b/b Spline makes 
all ordinary splines obsolete! 


By applying the well-proved principle 
of the recirculating rolling ball (already 
made famous by the Saginaw b/b Screw), 
Saginaw has revolutionized spline design! 
The new Saginaw b/b Spline is so far 
superior to any spline ever before built 
that engineers are eagerly adopting it. 


In any application where column 
length must change under torque load, 
the Saginaw b/b Spline offers unprece- 
dented freedom from spline restrictions. 


AVAILABLE IN ALMOST ANY SIZE, 
BEGINNING AT 34-IN. DIAMETER 
Every Saginaw b/b Spline is individually 
engineered for its particular application, 
with the wealth of know-how that only 
Saginaw, the pioneer, can offer. Our en- 
gineers are ready and eager to help you. 











WHAT IT IS AND HOW IT WORKS: 


Let's start with the familiar 
principle that there’s far 
less friction in rolling than 
in sliding. The average co- 
efficient of friction of the 
sliding spline is .2—while 
that of the ball/bearing 
spline is only .005. 


By applying this principle, 
Saginaw b/b Spline radi- 
cally increases the efficiency 
of transmitting or restrain- 
ing high torque loads. In- 
stead of sliding against each 
other, the mating surfaces 
glide on rolling balls. 


The steel balls recirculate 
in closed circuits formed by 
mating longitudinal race- 
ways spaced around the cir- 
cumference of both the 
inner and outer splines. Ball 
guides return the balls to 
their starting point. 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS - Saginaw, Michigan 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 






Averages 40 


Times Lower 
Coefficient of 
Friction Than 
Sliding Splines! 


Imagine what this tremen- 
dous advantage can mean in 
your products or processes ! 
The Saginaw b/b Spline can be fitted 
with integral gears, clutch dogs, 


bearing and sprocket seats or other 
attachments for use with electrical, 
hydraulic or pneumatic units—form- 
ing a unit with unprecedented possi- 
bilities for the imaginative design en- 
eineer. It can enable you to: 
ACHIEVE THE ''IMPOSSIBLE”’’— 
By reducing weight and space require- 
ments, Saginaw b/b Spline permits en- 
gineering designs hitherto impractical. 


INCREASE DEPENDABILITY— 


| : taot, 

Greatly decreased friction means less 
wear—longer life—safer, more de- 
pendable operation is assured. 





MAIL COUPON FOR DATA BOOK TODAY! 


A brand new 1956 Data Book — 
32 pages filled with information on 
Saginaw b/b Splines & Screws. Q0eeec. 


i= 


Saginaw Steering Gear Div. 
General Motors Corp. (Dept. 15M) 
Saginaw, Michigan 


Please send 1956 b/b Screw & Spline Data Book to: 





Name : Title __ 


Address 


ee ee _ State 
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| 

| 

| 

| 
| 
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Company — —| 
~ | 

| 
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Pictured here are two typical examples of why the name 
Phaostron is so rapidly gaining enthusiastic acceptance 
wherever and whenever truly fine Panel Meters are admired, 
required and specified. 


They are the latest additions to the Phaostron line of ‘“Custom’’ 
Panel Instruments which include 242’, 342’ and 6” sizes. 


Built to the exacting standards of excellence that identify every 
Phaostron product. 


BUILT TO HIGHEST QUALITY...SOLD UNBELIEVABLY LOW 
Metal Case... won't chip, shatter or warp. 


Large Clear Scales...increments and numerals can be 
read at a distance of 10 feet. 


Permanent Accuracy... plastic cased meters often vary 
up to 35%... these metal cased meters... never. 


Anti Magnetic... shielded by their metal case from stray 
magnetic fields. 


insulated Zero Adjustments... large, easy-to-use .. . safer. 
Two Models: 


“Custom” Chrome: Die cast bezel is finished in gleaming 
polished chrome and black. 


“Custom”: This instrument is identical, but is finished in solid 
color. 


Both are available with self-contained 5,000 hour lamps where 
illuminated scales are desirable. 


SEE YOUR PARTS JOBBER OR WRITE DIRECT 


PHAOSTRON COMPANY 


151 PASADENA AVE. « SOUTH PASADENA, CALIF. 
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patent on which this infringement 
action was based, was void. 

The Federal appellate court in sus. 
taining this defense said, “We refer to 
the provision that limits the grant of 
every patent to a term of seventeen 
years and also to the section which re. 
quires that the application shall contain 
such a description of the invention as 
will ‘enable any person skilled in the 
art or science to which it apertains, to 
make, construct, compound and use 
the same.’ 

“The two provisions define a policy 
which was enacted in the interest of 
the public. When a patent expires the 
right to practice the invention thus 
becomes available to everybody. The 
object of such a limitation and dis- 
closure was to secure to the public the 
full benefits of the patented objects as 
speedily as was consistent with the 
reasonable stimulation of invention. If 
then we assume that the course adopted 
by the present inventor did not contem- 
plate and intend to abandon the right 
to secure a patent, it certainly did 
contemplate an indefinite delay in 
disclosure of the invention and a 
practical and substantial enlargement 
of any period of monopoly recognized 
by the statute.” 

Then of the consequences of such 
methods aimed at securing a _ longer 
period of the patent monopoly than 
provided by the statute, the court 
added, “Enough has been shown of the 
practical construction and effect of the 
right to practice an invention in secret 
and for profit and the right to obtain a 
patent on the invention fairly to test 
the soundness of the claim and the 
rights are inconsistent. 

“The first is in its nature and essence 
susceptible of exercise only in a way 
to evade or at least unduly delay the 
disclosure of the invention in the 
interest of science and the useful arts 
and with an intent to expand the 
statutory period of monopoly and 
thereby reap additional profits. The 
second is a means simply to acquire a 
monopoly subject to all the conditions 
and limitations of the patent laws. 

“Such rights in our opinion are in- 
consistent in themselves—notably in the 
matter of profits available through use 
as distinguished from sale of the 
invention—and in their respective re- 
lations to the patent laws. It is not 
conceivable that an inventor can 
consistently hold both rights throughout 
the same period of time where the 
design to use them for purposes and 
with results like or similar to those 
here shown. 

“It is settled that when a choice of 
inconsistent rights is once made by a 
person having the right of election and 
also knowledge or means of knowledge 
of the essential facts, he is concluded 
by his action. Here the choice was made 
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for Remote Control Circuitry 
Dependable Operation, High Quality, Low Cost 


1. Standard range 70 to 175 cycles. 
Others available. 


2. Optional ranges easily set in 
the field. 


Coil resistance up to 10,000 ohms 
maximum. 


Removable plastic dust-proof 
cover. 


Dimensions 1” x 1/2” high (above 
ttt) B SERIES TR 


ae Ma aC ba) mh mt ids 
Be emer Mth Ml ha 1) 
TE Ue Me Ue) Lett mae Be T= it-] aid) 

it has been tuned. Each in turn will operate an auxiliary relay for 
closing or opening any circuit. Samples available for immediate 
shipment. Send your specification for recommendations 

PT Melts 


For quick delivery over 350 different standard relays stocked 


by 500 Franchised Electronic Parts Distributors throughout 
etme Te Lillo 


Pitter sPruni 


PRINCETON, INDIANA 
SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY 


RELAYS - ALL SIZES - ALL TYPES - FOR ALL APPLICATIONS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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MIGHTY MITE thermal protectors 
are thin, compact and dustproof, 
and will probably fit right into 
your present design and assembly 
procedure. These thermostats give 
extremely accurate temperature 
control up to 150°C at ratings up 
to Vs HP 115/230 volt. Lead wires 
or terminals can be supplied to 
your specifications, Thermal Pro- 
tectors can be furnished with seal- 
ing compound which prevents var- 
nish penetration. 


WRITE FOR SAMPLES 


Write, phone or wire 
today for samples and 
engineering help. 
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MIGHTY 


MITE 
Thermal 


Protectors 


Standard For |The Industry”’ 





Increase sales and guarantee cus- 
tomer satisfaction by protecting 
your product with accurate, pre-set 
MIGHTY MITE thermal protectors. 
Literally millions of these famous 
units are currently protecting sub- 
fractional h.p. motors, lighting and 
control transformers, heating coils, 
generators, air conditioning units, 
window ventilating fans, rectifiers, 
etc. In addition, MIGHTY MITE 
thermostats are employed as oper- 
ating controls on appliances and 
as signal actuators. 


Actual size. 


MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 


216 ASH STREET 
AKRON, OHIO 
© 


Phone POrtag 22-7673 





deliberate and was unmistakable. It 
was the secret use for profit and was 
persisted in for years. If the right to 
secure protection of the patent laws 
can be effectively repudiated, it certain. 
ly has been here.” 

The principles asserted here by the 
Federal court were laid down by the 
United States Supreme Court in the 
early years of the last century and 
since received rigid adherence by the 
courts. That court said of the purposes 
of Congress in reference to delays of 
this character, (3) “While one great 
object was, by holding out a reasonable 
award to inventors and giving them an 
exclusive right to their invention for a 
limited period, to stimulate the efforts 
of genius, the main object was ‘to 
promote the progress of science and 
useful arts, and this could be done best 
by giving the public at large a right 
to make strict use and vend the thing 
invented at as early a_ period as 
possible, having a due regard to the 
rights of the inventor. 

“If the inventor should be permitted 
to hold back from the knowledge of the 
public the secrets of his inventions; 
if he should for a long period of years 
retain the monepoly and make and sell 
his invention publicly, and thus gather 
the whole profits of it, relying upon his 
superior skill and knowledge of the 
structure, and then, and then only, 
when the danger of competition should 
force him to secure the exclusive right, 
he should be: allowed to take out a pat- 
ent and thus exclude the public from 
any further use than what should be 
derived under it during his fourteen 
years, it would materially retard the 
progress of science and the useful arts 
and give a premium to those who should 
be least prompt to communicate their 
discoveries.” OOO 
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Consumer Protests Against 
Shoddy Mechanical Design 


C. F. MARSCHNER 


Marietta, Georgia 


WHILE THE ELECTRICAL DESIGN of most 
components, used both industrially and 
commercially, are generally very excel- 
lent, the mechanical designs are ter- 
rible. I do not believe that during the 
last ten years there has been a time 
when at least four items of my house- 
hold electrical equipment have not been 
out of service due to mechanical failure. 


NOVEMBER 1955 ELECTRICAL MANUFACTURING 


| 4 Waldes Truarc Rings Cut Costs Drastically, 
- Increase Versatility of Precision Automatic Drill 
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« | ff - Dumore’s New Automatic Drill Drive — Assembly 
0 — 
at Dumore Precision Tools, Racine, P 
le Wisconsin, uses 4 Waldes Truarc 
Retaining Rings in their versatile new 
” automatic drill unit. Machining 
a operations have been eliminated, 
rts assembly simplified. 
‘to Great labor savings have 
nd resulted from use of 
' Truarc rings. 
PS 
rht 
ng 
as 06 
he ee es Vg ew ion. Alternate method would require at least two addi- 
att tional machining operations. Bowed Truarc ring takes up 
ai i accumulated tolerances resiliently. 
*( 
he 
is 
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ell 
1er 
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ly, 
ild 
ht, 
at- 
om 
be 
en BI 
the | A Single Waldes Truarc External Retaining Ring (Series Easy assembly is assured by use of one Waldes Truarc 
pa 5100) acts as shoulder, holds the lever in position. Labor Bowed Ring (Series 5001) to lock the bearing to the piston 
| savings are tremendous—a simple groove cutting operation assembly. When unit is to be used in tapping applications, 
Hi d replaces turning a shoulder, grinding and polishing. entire spindle assembly can be removed without disassembly. 
eir 
oe 
Whatever you make, there’s a Waldes Truarc Retain- different sizes within a type...5 metal specifications 
| ing Ring designed to improve your product...to save and 1 4different finishes. Truarc rings are available from 
75, you material, machining and labor costs. They’re quick 90 stocking points throughout the U.S.A. and Canada. 
pral | and easy to assemble and disassemble, and they do a More than 30 engineering-minded factory represent- 
better job of holding parts together. Truarc rings are atives and 700 field men are available to you on call. 
precision engineered and precision made, quality con- Send us your blueprints today...let our Truare engi- 
trolled from raw material to finished ring. neers help you solve design, assembly and production 
36 functionally different types...as many as 97 problems... without obligation. 
For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 
Talla arte milialiim © ee 
| Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C.1,N.Y. | 
WALDES | Please send the new, supplement No. 1 which | 
brings Truarec Catalog RR 9-52 up to date. i 
| (Please print) i 
ost \ {| Name... | 
and ; Me... | 
cel- = | COMPANY... eoccromen | 
ter- ro | : | 
she | Business Address ...... Sie i 
ime pa RETAINING RING* | Ca ZONE... SHOBC.eenrinrome EM YT | 
1Se@- hun cone ‘ensue Cone GIUEED SOUND GIEED GUNNS HIND GUUND GNSD GHEED QING GEE CHEED GoND GHD ame comme eum aD 
een WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
ire 2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
er 2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries. 
URING 
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FOR RELIABLE ASSISTANCE WITH 
SOLDER AND FLUX 


PROBLEMS 








a highly trained field SPECIALIST 
ALWAYS available in YOUR 
TERRITORY to give you 
QUALIFIED ASSISTANCE. 


ALPHA METALS, INC. 
64 Water St., Jersey City, N. J. 









<3 UNI-CORE 
AT Gas 


ACID FLUX 
CORE 


or LAMP 
FLUX CORE 
SOLDERS 


Clean and easy to 
use, non-sputtering, 
non-toxic. Readily 
solders stainless steel, 
monel, nickel etc. 
Flux residue soluble 
in water. 






[ have now reached a point where if I 
could buy a hydraulic or pneumatic TV 
set, | would do so! 

Cost is given as the excuse for in- 
adequate mechanical design: however, 
I do not believe it is a good excuse. 
Cost can be reduced by ingenuity with- 
out affecting dependability. What the 
electrical manufacturing industry ob- 
viously needs is some good mechanical 
engineers. Perhaps your fine magazine 
ELECTRICAL MANUFACTURING — should 
lead such a movement in order that the 
average customer, like myself, will not 
constantly be beset with failures of 
electrical equipment 
downright poor design. 

Until I am able to see some such 
improvement, [ assure you I will avoid 


resulting from 


using any and all electrical equipment 
wherever possible purely because even 
the best of it is not dependable 


Motion Pictures Lead TV 
in Color, Says Philco 
Research Director 


IN THE FIELD OF COLOR, the leadership 
held by motion pictures over television 
has yet to be challenged. Donald G. 
Fink, director of research for the Philco 
Corporation, contended at the Society 
of Motion Picture and Television Engi- 
neers’ 77th semi-annual Convention. He 
placed the burden of rapid progress 
squarely on the television engineer. 

The distinction 
and the movies is the degree of color 
control available, and in this respect. 
said Fink, photography wins, adding. 
“at least for the time being.” 

The advantage held by motion pic- 
tures is in the fact that the manufac- 
ture of film and its processing are much 
more standardized than the correspond- 


between television 


ing processes of signal generation and 
transmission in color television. The 
producer of movies more often sees 
what he wants, in the color values dis- 
played by release prints. than does 
the producer of color television on the 
monitor screen. 

Time will bring the two media closet 
in this more important matter of pleas- 
ing color rendition, provided the needed 
improvements in color television are 
recognized, warned Fink 

The television industry seen will 
face the situation of a highly saturated 
market with buyers looking for some- 
thing better, in looks and performance. 
than they now have. Then, if Fink’s 
hope is realized, the television industry 
will respond with a steady upgrading 
of performance, accompanied, if neces- 








ultra- 
sensitive. 


relays 


help solve control 
problems in wide range 
of industrial applications 


BARBER 


UE 





TYPE O 
Octal plug-in 









TYPE L 
Solder-lug 


Hermetically 
sealed 


TYPE T 
Screw 
Terminals 


TYPE HV 
Hermetically 
sealed 
Minimum 
mounting 
space 


iti 


Operating on input powers of 50 to 1000 
microwatts, the Barber-Colman Micro- 
positioner is ideal for use as a null de- 
tector in resistance bridge circuits, a 
differential relay in electronic plate cir- 
cuits, and an amplifier in photo-electric 
circuits. Standard contact arrangement 
is SPDT, null seeking. Can be operated 
in excess of 100 cps. This ultra-sensitive 
polarized d-c relay has been widely used 
in many control applications .. . in nu- 
cleonics, communications, instrumenta- 
tion, process control, railway signal 
transmission, and aircraft temperature 
control and remote positioning. Write 
for Bulletin F 3961-4. 


Barber-Colman Company 
Dept. W,1403 Rock Street, Rockford, Illinois 
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Accurately machined from a 
solid brass one-piece forging, 
this oil cup permits safe, de- 
pendable application of lubri- 
cant at very low cost. Used 
widely on motors and small ma- 
chinery requiring side oiling. 
Style L—No. 1202. 
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SIGHT 
GRAVITY 
FEED 
MULTIPLE 

OILERS 








This one unit replaces 3 to 8 
individual oilers. Maximum 
practicality in a small central 
lubrication system. Positive cut- 


any off during idle periods. Individ- 
inois § Wal vibration-proof needle valve 

adjustments. With solenoid con- 
RING 


bel (Illustrated): Style MDS — 
ON ro Without solenoid: 


ITS 


Helps Give 
*, Built-In Lo Low Cost 


To YOUR Equipment 








SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 

da valve, direct- 
ly observed 

Ww through sight 
glass in stem. 

Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 


pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 
Ks For use where rate of 
E . oil flow must be reg- 
hh ulated to suit changing 
+ ¥ operating conditions. 


Needle 
m valve 


(i434 permits 
im extremely 
on accurate 


adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
' racy and convenience 
at a moderate price. 
Style PF—No. 4290. 







OIL HOLE 
COVERS 





This model is designed to fit into 
a simple drilled hole. Ideal for 
use on small motors, generators, 
starters and light machinery— 
for dependable oil hole protec- 
tion at moderate cost. Larger 
sizes frequently used as filler 
caps on tanks or. reservoirs. 
Style R—No. 305. 


GEAR 
CASE 
GAUGES 





This oil gauge plug permits in-. 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment —at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar. 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GITS BROS. MFG. Co. 
The Standard For Industry For Almost Half A Century; 
1840 South Kilbourn Avenue 


Chicago 23, Illinois 


Clip this page for handy “rough reference” 
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NOW OMNIGUARD... 
Can Increase Production 


... through low-cost insurance 
against down time 


Whenever conditions call for prolonged, full capacity operation, critical 
temperatures can cause bearing failure — and result in ruinous shutdowns. 


Increased temperature also shortens bearing life expectancy, before 
causing actual failure — another costly factor in the long run. 


This is where the Edison Omniguard comes in — and where it pays its 


way many times over. 


Omniguard’s central monitor panel keeps one operator constantly posted 


on bearing temperatures in every plant unit. . 


loads with safety. 


And full capacity operation can be maintained 


. allows running at peak 


longer — because 


Omniguard sounds its warning before the damage level is reached. 


You can trust Omniguard - because 


e Entire system has no moving parts 
only simple electrical circuits, noth- 
ing to wear out. 


e No adjustments or maintenance 
necessary — and installation costs 
are so low because only a minimum 
of wiring is required. 


e Resistance Temperature Detectors 
are guaranteed accurate to + 1% 
p 05%. 


— drift less tt 


And Edison Omniguard costs so 
little .. . upwards of 50% less than 
any other monitoring system. This 
is truly the lowest cost insurance 
against down time—and Omniguard 
is so flexible — protects small or 
large plants with equal ease for an 
initial investment of less than 
$500.00. 

Write today for article that shows 
how just a small increase in temper- 
ature can cut bearing life in half. 











These two compact units, plus their 
simple mounting brackets, and the 
resistance temperature detectors are 
all you need for four-point tempera- 
ture monitoring and indicating. Addi- 
tional units for further points may be 
added as required. 


1i20tte 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 





i wo OR FORA TE DBD 
INSTRUMENT DIVISION * 53 LAKESIDE AVENUE * WEST ORANGE, NEW JERSEY 
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sary. by a corresponding upgrade of 
price. 

During the same _ period, Fink 
pointed out, the motion picture indus. 
try will not be standing still. Enjoying 
freedom in system standards, the movie 
industry will continue its forays into 
territory not likely to be invaded by a 
television system bound by the con- 
fines of compatibility. He foresaw two 
results:—(1) Engineers and physicists 
who understand color will enjoy steady 
employment, and (2) the public will 
OO 


enjoy the show. 


Combatting Automation 
Jitters 


THOMAS W. ZEBLEY 

General Engineering Laboratory 
GENERAL ELECTRIC COMPANY 

ATTACKS ON THE so-called “new tech- 
nology of automation” are based on 
fear of change, on a lack of understand- 
ing of the process of automation, and 
the resultant fear of unemployment. 
We. must patiently create better under- 
standing of automation. Actua'’ a 
gradual evolution of industrial mechani- 
zation has been in progress for more 
than a century. In General Electric, we 
have been using automation equipment 
ourselves and developing it for others 
for over 40 ‘years. 

Under the concept of automation, 
we have a gradual, progressive up- 
grading of unskilled labor into skilled 
labor, with the process of automation 
itself progressively training the manual 
worker for the more skillful and re- 
warding jobs of the future. 

The rise in mechanization has been 
accompanied by a steady increase in 
the number of jobs. In 1880, when only 
17 per cent of the total work energy 
was supplied mechanically, there were 
17 million jobs in U. S. industry. By 
1930, the percentage of work energy 
supplied by machines had risen to 84 
per cent and jobs had reached 45 mil- 
lion. In 1954, machines did 95 per cent 
of the work and employment soared to 
62 million. 

The future of industrial mechaniza- 
tion rests with the development of inte- 
grated systems of automatic equipment. 
Mass production techniques are slowed 
because we currently rely on human 
activity to transcribe and transmit much 
of the information to and from office 
and factory. As the fabrication, mate- 
rial transport, assembly and _ testing 
operations become more and more auto- 
mated, it should be possible to increase 
the communication between office and 
factory. The goal should be systems of 
equipments which include program- 
mers, monitors and computers to set 
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Another new development using 


. F. Goodrich Chemical :* === 


Zonealarm manufactured by Zonealarm Corporation, 712 E. 163 St., Cleveland 10, Ohio. 


abe who ignore signs call- 


ing for reduced speeds in school 
zones are in for a surprise when they 
meet up with Zonealarm. 

It looks as innocent as a rural mail- 
box, but inside there is an ingenious 
maze of electronic devices and Geon 
insulated wiring that add up to trou- 
ble for speeders. If the driver ignores 
a warning sign, Zonealarm gives out 
with an ear-splitting howl. Police 
will tell you that where it is installed 
everybody slows down. 


Zonealarm is a permanent installa- 


The heart of the 





Phot oleh Urs) 


OT Tol eoy stato Mae liTe | 


Tt Hoots at school speedous 


tion and the mechanism must stand 
up in all kinds of weather and this 
calls for cable insulated with Geon. 
The remarkable dielectric strength 
of Geon polyvinyl materials, plus 
their outstanding resistance to abra- 
sion, chemicals, and extremes of tem- 
perature, make them favored through- 
out industry. 

Geon is used for colorful, decora- 
tive upholstery, for resilient sponge, 
waterproof coatings, corrosion-proof 
pipe, and a myriad of other products. 
To see how it can improve one of your 


own products, or help you develop a 
new one, please write Dept. BK-6. 

B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. In Can- 
ada: Kitchener, Ontario. 





GEON RESINS e GOOD-RITE PLASTICIZERS...the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials « HYCAR American rubber and latex « GOOD-RITE chemicals and plasticizers «e HARMON colors 
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> Aluminum : 
- Fastener : 
: should be :| 
* used here! -: 
It's an aluminum awning assembly, 


worth the lasting 


f Alcoa® 
You avoid gal- 


streneth o 
Aluminum Fasteners. 
vanic and atmospheric corrosion. You 
get perfect color match; you get the 
very highest quality product. Your local 
Alcoa distributor has a complete stock. 

P. S. In 


suggest an 


this awning assembly, we 


metal 


aluminum sheet 
screw from Alcoa’s com- 
plete line of alumi- 


num fasteners. 





2 Aluminum Company of America 
2241-L Alcoa Building, Pittsburgh 19, Pa. 
Gentlemen: 


Please send complete specification data 
and samples of your aluminum fasteners. 


nome _ 


title 


company 


address 


Always Fasten ALuminun 


with Alcoa 
* Aluminum Fasteners 
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production in motion, monitor 
mediate results, and determine 
ments or other actions required. 

As in the past, the number of jobs 
should continue to rise with the spread 
of mechanization. In the next 10 years, 
it is expected, the U. S. population will 
increase by a net of 30 million, and only 
one out of four people will be contri- 
buting to the work force. To maintain 
an increasing flow of mass production, 
the output of goods and services per 
worker must rise almost 50 per cent 
between 1950 and 1960, an amount 
nearly twice the rise between 1940 and | 
1950. OOO} 


—. 

Abstracted from a talk given at a sec- | 
tional meeting of IRE, Binghamton, N.Y., 
May 9, 1955. 


inter- 
ad just- 


invar Strip Rolled to 0.0001 | 
Inch Tolerances 


Invar (36 per cent nickel-iron) strip 
tolerances running as close as + 0.0001 | 
in. for 0.0005 to 0.125 in. thicknesses, 
¥ to 8 in. widths, are currently being | 
met by the Industrial Division of Amer- 
ican Silver Company, Flushing 54, N.Y. 
Tolerances are % of standard commer- 
cial tolerances, which are usually + 10 
per cent in heavy gages and + 20 per 
cent in ultra-thin gages. Immediate ap- 
plications are for condenser plates; 
however, production of this close-toler- 
ance strip on a regular production basis 
is expected to open up new engineering 
and design possibilities wherever high | 
precision work is required. | 
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In crediting the cooperative organiza- | 
tions that supplied data for the special | 
report on “Current-Rectifying Devices” | 
(ELEcTRICAL MANUFACTURING, Septem- 
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Lincoln, 
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original investigation on 
the use of copper-oxide rectifiers in 
instrument applications and furnished 
us with a review of his findings. 


Postcard return cards are pro- 
vided preceding back cover as a 
convenience to the 
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New Components and Materials 
Literature for the Design Engineer 


Feature Article Reprints 
Advertised Products 








One RELAY 


switches both 


reliably 


Switches heavy 
loads up to 10 
amperes with 
special heavy 

current contacts 







Switches low vol- 
tage, low current 
signal loads with 
bifurcated (twin) 
contacts 


Other variations obtainable in the versatile 
Magnecraft Class 22 Relay include- 
Available for AC or DC operation 
Resistance to shock, vibration and tempera- 
ture change to meet military specifications. 
Bifurcated, normal, heavy current and extra 
heavy current contacts up to 10 amperes. 
Contact arrangements up to 12 arms per 
stack, (24 arms per relay) 


Operating speed 3 to 5 milliseconds mini- 
mum; slow operate up to 
release up to .15 sec. 


Plug-in, open, hermetically sealed or dust- 
proof enclosed. 


Tell us what you need or send for Catalog. 


a second ; slow 


MAGNECRAFT ELECTRIC CO 
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—This is the Anscoflash Type I 
flash attachment 


~~ - ee NN TN ATOM ORL PEL AP IE EN 


_.. The secret behind its 
compactness is this 








plastic housing custom molded by Sylvania 


Tur Anscoflash Type I is a highly 
compact flash attachment offering 
the camera fan an economical entry 
into the field of ‘‘flash”’ picture taking. 


To achieve this compactness and 
economy Ansco designed a unique 
plastic housing . . . one which would 
serve both as a reflector base and 
battery case. 


All parts of the Anscoflash Type I 
are in some way fastened to this 
plastic housing. That made design of 


* SYLVANIA 


LIGHTING * RADIO e 


ELECTRONICS -° 


this part complicated and the im- 
portant question where to get com- 
plete follow through on such a complex 
injection molding. Ansco found the 
answer at Sylvania. That’s because 
Sylvania offers complete “‘one source”’ 
service in custom molding of both 
thermoplastic and thermosetting 
materials. 


Here’s the important point we want 
to make: However simple or complex 
your plastic parts, we’d like to make 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


TELEVISION e 


these same facilities available to you. 
They include an experienced design 
and engineering staff—expert mold 
makers—modern automatic molding 
equipment—metal stamping and 
forming—and complete assembly if 
your part requires metal inserts or 
additions. 


Let us meet with you and discuss 
your next custom-molded plastic 
parts job. Phone or write Dept. L188. 


SYLVANIA ELEcTRIC Propucts INc. 
1740 Broadway, New York 19, N.Y. 
In Canada: Sylvania Electric (Canada) Ltd. 
University Tower Bldg., Montreal 
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Metal Statistics 





A downtrend developed in copper as custom 

| smelters cut their prices for copper from 50c, 

| to 45c. But producers still held to the 43c. price. | 
Growing demand was seen for aluminum on the 
basis of Western Electric’s announcement that 
it would substitute aluminum for copper in tele- 
phone cable. Lead was up %c. and zine was un- 
changed. Silver moved upward to 92e. The steel 
market continued to boil. 


COPPER—-The break that consumers of copper had been 
waiting for came this month. As such, it was still only a 
chink in the wall of high prices that had been erected dur- 
ing the first nine months of the year, but it was a welcome 
sign after months of record breaking upward price trends. 

The break occurred in the price that custom smelters were 
quoting for their copper. That price had been at least 50c. 
a lb. During the first half of October, the smelters cut their 
price to 45c. a lb. This 5c. reduction was significant of the 
easier trend in the copper market even though producers’ 
prices remained fixed at the 43c. level. Only a month ago 
producers were wondering whether they could keep copper 
at 43c. while custom smelter copper was soaring in the 50c. 
bracket. Now there’s talk whether the 43c. producer price 
will be maintained, although best guess is that it will. 

The lower copper price was the result of several factors: 
1. It was believed that the price was topheavy and was not 
“Trouble Saver” Custom Strain Reliefs factually supported by demand. 2. Specific reports by some 

electric companies that they were planning to use aluminum 

instead of copper gave the market a jolt. 3. The downtrend 

' of the London market was reflected in a change in consumer 

You are well aware of the super-strains power a ve eee ome 

suying here; there was less pressure, creating a basis for 

resistance. 4. The price of scrap was reduced from 42! oc. 
day and you know even the best quality cord a lb to 37!2c. a lb and scrap is usually a good barometer 

: of the market trend. 





supply cords are called upon to face day after 


ometimes succ s te se strains. T . . . 1 
sometim uccumbs to these strain The situation was dramatized by the announcement of 


The time to solve strain problems is when your the Western Electric Company, one of the nation’s largest 

users of copper, that it was moving ahead with a definite 
engineering program toward the substitution of aluminum 
for copper in its manufacture of telephone cable. The com- 
neered when the cord is made. pany cited the high cost of copper and the recurring short- 


power supply cord is “built”. The custom factors 


that make a successful strain relief are best engi- 


ages of the metal. Western Electric pointed out that copper 
was selling at 258 percent above levels prevailing in January, 
f r aL: . 946 ¢ he le advance in ¢ inum 1 > same period 
relief . . . the end-advantages of this coordinated 1946 and that tl . idvance in aluminum in the same peric 
had been about 63 percent. 


PHALO custom engineers both cord and strain 


c . . > . » . are « 7 ° 
effort are very obvious to PHALO customers and Further pressure was brought to bear when reports from 


to their customers. the wire and cable section of NEMA indicated that alumi- 
num has been proven technically sound for use in magnet 
’ wire. The psychological impact on copper producers and 

Ask For The Complete Phalo Catalog 


smelters has been resounding 
But consumers were by no means in a comfortable posi- 


tion. Copper was still scarce and consumers saw no hope 
D} If lO that the Government would release any material from the 


stockpile. The price of 43c. was being maintained and the 


PLASTICS CORPORATION outlook was not too bright. However, there was some expec- 
TL G 1 Ke, tation that the decline in scrap prices and in custom smelter 
¥ -Flouse : . 
he Custom Cored Ae STREETS copper prices would pave the way for lower producer prices 
WORCESTER, MASS. later on. 





insulated Wires, Cables - Cord Set Assemblies * * * 


ALUMINUM—Aluminum producers got a big psychological 
boost this month by the announcement that Western Electric 
was planning a program to substitute aluminum for copper 
in its manufacture of telephone cable. As if to reinforce its 
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position, the price of aluminum remained unchanged at 
94.40c. for 99% plus ingot. 

But the aluminum producers were having their own head- 
aches. The Government announced that it would not approve 
fast writeoffs on five aluminum expansion projects. Hit by 
the announcement were Reynolds, St. Joseph Lead and Kaiser 
among others. The Government—through ODM— indicated 
that the aluminum industry had sufficient total capacity to 
meet mobilization needs in the event of an emergency. 

The Government also announced that it will decide shortly 
how much aluminum it will ask the “Big Three” producers 
to provide for the stockpile in the first half of next year. 
The Government can call for delivery up to 100,000 tons per 
quarter. Recently, however, it has been deferring all or 
part of its call, allowing fabricators to get more of the 
metal to meet non-stockpile needs. 

Aluminum output in August was 267,101,817 lb, a new 
monthly peak. Last year, in August, the output was 250.- 
592.575 lb. For the eight-month period of 1955, aluminum 
production totaled 2,052,171,990 lb, a record high for the 
period. 

* * * 
LEAD AND ZINC—Consumers have had to pay 4c. a Ib 
more for lead since September 23. At that time the price 
was pushed up to 1514c. a lb. This was no surprise; there 
was anticipation of a higher lead price ever since the zinc 
price was raised in September. 

The big question was whether the Government would 
continue to support the market by buying lead at the 1514c. 
level and the Government answered this question when GSA 
issued tenders for lead and zinc in October. Last year the 
Government announced that it would make lead and zinc 
purchases for the stockpile as long as the combined price 
of the two metals was 28c. a lb. Lead was then 15c. and 
zinc below 13c. The combined price today (lead 15%%4c. 
and zine 13c.) is 28!c. and there had been a good deal 
of uncertainty as to whether the GSA would come into the 
market. 

Despite forecasts of a stable zinc market, on October 17 
some sellers offered prime Western slab zine, the key grade 
for die castings, at 13%c. a lb, up half a cent. This rise was 
believed due to a statement by Mobilization Director Flem- 
ming before the American Mining Congress stating that 
purchases for the stockpile would be made at prices above the 
13c. level. Following this increase the American Die Cast- 
ing Institute released a statement in which sellers were flatly 
told that a higher price was unwarranted and already has 
produced a switch to substitute materials. Producers were 
also urged to re-evaluate the impact of impairment of con- 
fidence resulting from the unsettled market. Subsequent to 
this plea, on October 20. the price was lowered to 13c. a lb. 
SILVER—The price of silver continues to push up. On Octo- 
ber 12 it was 92c. an oz, as against 917%c. on September 30 
and 90°4c. on July 15. But as the price goes up, demand 
has been weakening. There is some expectation that the 
current price will make available to consumers most of 
the newly mined domestic silver which has been going to the 
U.S. Treasury at 90%c. an oz. Production from U.S. mine 
sources has been running at a monthly rate of 3.000.000 oz. 

Silver supply was badly disrupted by strikes in July that 
closed important refining plants. Increased industrial de- 
mand and needs of other silver users forced consumers to go 
to the Treasury for supplies. 

* & # 
SELENIUM—The Shawano Development Corp. of New York 
announced in October that it had discovered at its uranium 
operation near Baggs, Wyo. what is believed to be the 
world’s largest deposit of primary selenium ore. The deposit 
is claimed to be the first primary or natural bedded deposit 
found. Heretofore, selenium has been produced as a by- 
product of blister copper. Ore samples assayed have run 
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TRANSFORMERS 
FOR YOUR 


SPECIAL 
APPLICATIONS 
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For electronic applica- 
tions, having high per- 
formance requirements, 
send your inquiry and 
specifications to Acme 
Electric. We offer engi- 
neering assistance in 
design, and complete 
manufacturing facilities 
to produce quality con- 
trolled transformers in 
production quantities. 
More than 37 years of 
experience during which 
we have designed more 
than 19,000 transformer 


types. 
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ACME ELECTRIC CORPORATION 
3511 WATER ST. CUBA, N.Y. 


West Coast: 1375 W. Jefferson Bivd., Los Angeles, Calif. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. . 











FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » also machinery & tools 








Joseph T. Ryerson & Son, Inc. Plants at: New York e« Boston « Philadelphia « Cleveland 


Charlotte, N.C. « Cincinnati « 
St. Louls  e 


Detroit . Pittsburgh e Buffalo -« 


Milwaukee «+ Los Angeles «+ San Francisco « Spokane -« 








NEW HANDLES 


For Hot Plate Switches 
and Similar Applications 





—At Special Low Prices! 


Smartly styled, quality made knobs, at low cost. Avail- 
able with the standard “’S” type shaft hole (.251 dia. 
flatted to .203”). Others can be supplied at nominal 
tooling charges. Samples and prices furnished on request. 


ROGAN BROTHERS 


8027 N. Monticello Ave., Skokie, Illinois 
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as high as 1.78 per cent, with an average of 0.74 per cent. 
Ore running 0.08 per cent is considered commercial. 

+ & & 
NICKEL—Another 2,500,000 lb of nickel were diverted to 
industrial users from deliveries to the stockpile. The action 
brings to 15,750,000 lb the amount of nickel diverted to non- 
defense users by the ODM since the start of the year. ODM 
indicated that this latest diversion should result in a some- 
what increased supply of nickel for non-defense consumers 
over 1954. Pricewise there was no change in nickel which 
continues to be priced at 64Y%4c. 

* * * 
STEEL—Talk this month among steel producers was expan- 
sion programs. Top steel officials declared that the steel 
producers must be prepared to meet growing demands by 
expanding operations and raising ingot capacity. While these 
optimistic predictions and statements are being made, re- 
ports from leading mill centers indicated that steel firms 
were sold out through the first quarter of 1956 and were 
still plowing through backlogs to meet persistent consumer 
demand. 

In September, and for the first nine months of 1955, 
records were set for steel production in the U.S. The Sep- 
tember total was 9,881,000 net tons of ingots and steel for 
castings. Last year, the corresponding figure was 6,807,483 
tons. At the end of nine months, steel furnaces had produced 
85,782,793 tons since the start of the year and were within 
eight days of equalling the 88.3 million tons produced in 
the entire 1954 period. 

There indications—from statements of important 
steel mill officials—that higher prices may be in the offing. 
No price changes were made this month. Mill buying and 
export business kept scrap prices at previous high levels. 


were 


Simplified Design of 
High-Temperature Transformers 


(Continued from page 105) 





the various steps outlined for the generalized design 
procedure with the following supplements: 

Supplement 1. 

We = £, 1, 

In this equation E, and /, are rms values of voltage 
and current respectively with the voltage being that of the 
full winding. It is desirable that the rms values be furnish- 
ed. If d-c values are given, the following conversions 
should be applied: 

A. For the full-wave rectifier: E, is equal to the d-c 
load voltage multiplied by double the appropriate value 





Table XIll—Ratio of Secondary Voltage (RMS 
per Leg) to Average Load Voltage of Full- 
Wave Rectifier with Capacitive Input 








2xfCRi (f = supply frequency) 


R.* atecseahaai aati bie a 
R§ ; oe 100 | 10 | 400 =| ~—s 1000 
eas Sicsiais a asia | sieaeicenagmed 

0.005 1.11 1.06 0.79 0.73 | 0.72 
0.02 1.14 | 1.07 0.80 0.78 0.78 
0.10 | v.22 | 1.15 0.95 0.93 0.93 
0.25 1.39 | 1.16 | 1.16 1.14 | 1.14 
0.50 1.65 1.62 1.48 1.47 | 1.47 
R./R§$ = series resistance/load resistance. R, is the series resistance, excluding 


the load resistance, in one branch of the rectifier circuit. 
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The new Streamliner 400 


required 5800 different sets of prints for city 


officials, subcontractors and suppliers. Thousands 


of hours of drafting time and months of 
delay were saved by Ozalid. 


Any architectural, engineering or produc- 
tion department can save drafting time and 
repetitive work with Ozalid’s newest white- 
printer, the STREAMLINER 400, which will 
reproduce anything drawn, written, typed or 
printed on translucent material — drawings, 
reports, specifications, material bills, etc. It 
makes exact, clear, dry copy in less than a 
minute, for less than 1/2 cents per square foot. 


The new low priced Ozalid 
STREAMLINER 400 has synchronized 
printing and developing... produces 
perfect whiteprints for less than 

1142 cents per square foot. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


OZALID 


speeds plans for subcontractors= 


One New York City building recently erected 


The STREAMLINER 400 has synchronized 
printing and developing, handles sheet or roll 
stock up to 42” wide, and prints as fast as 24’ 
per minute. It is compact, easy to run, and 
economically priced. 

Ozalid duplicate originals can also be 
turned out fast and inexpensively on the new 
STREAMLINER 400. These translucent Ozalid 
prints make it easy for you to make changes 
on your valuable drawings without affecting 
the basic, unchanging design...save countless 
hours of draftsmen’s time, and have vital 
prints on time! 

You can find out about the STREAMLINER 
400 by calling the nearest Ozalid distributor. 
(see phone book) Or write for information to 
337 Ozaway, Johnson City, N. Y. In Canada, 
Hughes Owens Co., Ltd., Montreal. 


OzaLip—A Division of General Aniline & 
Film Corporation» From Research to Reality! 
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“CLIP-TY PE” 


closed entry socket contact 
now standard in 


BENDIX 
SCINFLEX 


ELECTRICAL 
CONNECTORS 


Cannot be overstressed —eliminates 
intermittent circuit problems resulting 


4 from socket contact malfunction. 


{ 5 

‘s 

The heart of any electrical connector is the socket contact. 

This is why the Bendix-Scinflex* socket contacts have 

always been machined from bar stock. Stampings, with 
their required thin sections, can be easily overstressed. 

Even with the machined sockets, industry has been 
plagued with overstressed spring leaves due principally 
to the misuse of test probes and lax tolerances on pin con- 
tacts. Bendix engineers have now provided the only socket 
contact on the market today which completely eliminates 
all these problems. 

The’ “Clip-Type” socket will not accept any oversize 
probe or pin nor can one be forced into it. Also, no amount 
of wrenching or twisting of an acceptable pin or probe can 
possibly distort the spring clip. This new socket is now 
standard in all Scinflex connectors including those using 
solderless, high-temperature and thermocouple contacts. 

Our sales department will be glad to furnish complete 


information on request. *TRADE-MARK 


SCINTILLA DIVISION of - Gremolje7 


SIDNEY, NEW YORK AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd St., New York 17,N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan ® 512 West Ave., Jenkintown, Pa. * Brouwer 
Bidg., 176 W. Wisconsin Avenue, Milwaukee, Wisconsin © 8401 Cedar Springs Rd., 
Dallas 19, Texas © American Bidg., 4 S. Main Street, Dayton 2, Ohio © 1701 “K” Street, 

N. W., Washington 6, D. C. © Boeing Field, Seattle 8, Washington. 


336 


Table XIV—Ratio of Secondary Current (rms) 
to Load Current (average) of Full-Wave 
Rectifier with Capacitive Input 


SSeS 
eee 


2xfCR. f = supply frequency 


Ri 0.05 0.5 


0.0002 0.790 0.90 ‘ ‘ 2.80 
0.001 0.790 0.90 . a 2.25 
0.005 0.790 0.88 ’ ; 1.74 
0.05 0.790 0.85 ‘ . 1.23 
0.25 0.790 0.83 : : 1.00 


R,./Ri. = series resistance/load resistance. R, is the series resistance, excluding 
the load resistance, in one branch of the rectifier circuit. 





O 
O 10 20 30 40 50 60 
Altitude-thousands of feet 


Fig. 4—Air pressure as a function of altitude. 


taken from Table XII for choke input or from Table XIII 
for capacitor input. When using Table XII, add the 
secondary circuit voltage drop to the d-c load voltage 
drop. Similarly, /, is equal to the d-c load current 
multiplied by the appropriate value from Table XII fo: 
choke input or Table XIV for capacitor input. 

B. For the bridge-type rectifier, E, is equal to the d- 
voltage multiplied by the appropriate values in Table XII 
for choke input or Table XIII for capacitor input. A- 
above, add the secondary circuit voltage drop when using 
Table XII. /, is equal to the d-c load current multiplied 
by the appropriate value from Table XII for choke input 
or by 1.414 times the appropriate value from Table X1\ 
for capacitor input. 

Supplement 2. 

Primary current /, for full-wave rectifier is: 


| \ (0.707 W, + W; + i 


The factor 0.707 is not used in the bridge type rectifier. 

Modifications of the generalized design method de- 
scribed above are being developed to cover transformers 
with unbalanced direct current, current limiting trans- 
formers, low capacitance units and vibrator supply 
transformers. O00 
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